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(54) [Title of the Invention]: SEMICONDUCTOR DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 
(57) (Abstract] 

[Object ] To provide a semiconductor device having stable characteristics with little 



variation. 



[Solution] A very small quantity of Ni 4 is added to a surface of an a-Si film 3 formed 
on a glass substrate 1, and under an inert atmosphere, a heat treatment is performed to 
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turn the a-Si film 3 into a crystalline silicon film 3a, and it is irradiated with a laser 
beam 5 to be a crystalline silicon film 3b of higher quality In addition, an a-Si film 7 
and an a-Si film 8 including phosphorus are formed, and the heat treatment is performed 
under the inert atmosphere at 450°C to 550°C for 5 minutes to 4 hours at a temperature 

5 increase/decrease rate of 5°C/min or higher. The second a-Si films 7 and 8, which 
serve as a gettering sink, are kept in an amorphous state, and with defects being a 
segregation trap, most of Ni 4 in the crystalline silicon film 3b moves to the second a-Si 
films 7 and 8. The residual Ni concentration is reduced to approximately 1/4 of a 
conventional method, and a high quality crystalline silicon film 3c is obtained. By 

10 using the crystalline silicon film 3c, a semiconductor device having stable 
characteristics with little variation can be formed. 
Specification 

[Scope of Claim for Patent] 

[Claim \] A method for manufacturing a semiconductor device, comprising; 
15 a step of forming a first amorphous silicon film over a substrate having an insulating 
surface, and introducing a catalytic element which is to promote crystallization to the 
first amorphous silicon film; 

a step of performing a first heat treatment so that a crystal growth of the first amorphous 

silicon film in which the catalytic element is added is caused and a crystalline silicon 
20 film is obtained; 

a step of forming a second amorphous silicon film over the crystalline silicon film; 

a step of performing a second heat treatment in a condition that the second amorphous 

silicon film is not completely crystallized to move the catalytic element in the 

crystalline silicon film to the second amorphous silicon film; 
25 and a step of forming an active area of the semiconductor device using the crystalline 

silicon film after removing the second amorphous silicon film. 

[Claim 2] The method for manufacturing a semiconductor device according to Claim 1, 
wherein the second heat treatment is performed in a condition that a crystal nucleation 
does not occur at all in the second amorphous silicon film. 
30 [Claim 3] The method for manufacturing a semiconductor device according to Claim 1 
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or 2, 

wherein the second heat treatment is performed at a heating temperature and for a 
processing time that concentration of the catalytic element in the crystalline silicon film 
and the concentration of the catalytic element in the second amorphous silicon film are 
5 in a segregation state in a thermal equilibrium state. 

[Claim 4] The method for manufacturing a semiconductor device according to any one 
of Claims 1 to 3, 

wherein the second heat treatment is performed at a heating temperature of equal to or 
more than 450°C to equal to or less than 550°C and for a treatment time of equal to or 
10 more than 5 minutes to equal to or less than 4 hours. 

[Claim 5] The method for manufacturing a semiconductor device according to Claim 4, 
wherein the heating temperature is equal to or more than 450°C to equal to or less than 
520°C, and the treatment time of equal to or more than 10 minutes to equal to or less 
than 2 hours. 

15 [Claim 6] The method for manufacturing a semiconductor device according to any one 
of Claims 1 to 5, 

wherein in the second heat treatment, a temperature is increased at a rate of temperature 
increase exceeding 5°C/minute to the temperature of the heat treatment, and 
temperature is decreased at a rate of temperature decrease exceeding 5°C/minutes after 
20 the heat treatment is finished. 

[Claim 7] The method for manufacturing a semiconductor device according to any one 
of Claims 1 to 6, 

wherein the second heat treatment is performed using a furnace in which a substrate is 
placed such that in a furnace core tube having a cross-sectional shape approximately 
25 similar to a plane shape of the substrate so that the substrate surface faces to the furnace 
core tube and at the same time a space between the furnace core tube and the substrate 
is equal to or more than 10 mm to equal to or less than 80 mm. 

[Claim 8] The method for manufacturing a semiconductor device according to Claim 7, 
wherein the method for manufacturing the semiconductor device is characterized in; the 
30 cross sectional shape of the furnace core tube and the plane shape of the substrate are 
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rectangular. 

{Claim 9] The method for manufacturing a semiconductor device, according to any one 
of Claims 1 to 8, 

wherein the second amorphous silicon film includes an element which is chosen from 
5 group 5B. 

[Claim 10] The method for manufacturing a semiconductor device according to Claim 
9, 

wherein the element chosen from group 5B is one or plural kinds of phosphorus, arsenic, 
and antimony. 

10 [Claim 1 1 ] The method for manufacturing a semiconductor device, according to Claim 
10, 

wherein the second amorphous silicon film includes phosphorus. 

[Claim 12] The method for manufacturing a semiconductor device, according to Claim 

11, 

15 wherein the second amorphous silicon film is formed with at least a silane gas and a 
phosphine gas as a material gas by a plasma chemical vapor deposition method at a film 
deposition temperature of equal to or less than 400°C. 

[Claim 13] The method for manufacturing a semiconductor device, according to Claim 
11, 

20 wherein the second amorphous silicon film includes boron in addition to the 
phosphorus. 

[Claim 14] The method for manufacturing a semiconductor device, according to Claim 
13, 

wherein the second amorphous silicon film is formed with as least a silane gass, a 
25 phosphine gas and a diborane gas as a material gas, and by a plasma chemical vapor 
deposition method at equal to or less than 400°C. 

[Claim 15] The method for manufacturing a semiconductor device, according to any 
one of Claims 1 to 8, 

wherein the second amorphous silicon film includes a rare gas element chosen from 
30 argon, krypton, and xenon. 
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[Claim 16] The method for manufacturing a semiconductor device, according to Claim 
15, 

wherein the method for manufacturing the semiconductor device is characterized in; the 
second amorphous silicon film includes argon. 
5 [Claim 17] The method for manufacturing a semiconductor device, according to Claim 
16, 

wherein the second amorphous silicon film is added argon by an ion doping method, 
after formed by a plasma chemical vapor deposition method. 

[Claim 18) The method for manufacturing a semiconductor device, according to any 
10 one of Claims 1 to 8, 

wherein between the crystalline silicon film and the second amorphous silicon film, a 
barrier thin film which functions as an etching stopper when removing the second 
amorphous silicon film is formed. 

[Claim 19] The method for manufacturing a semiconductor device, according to Claim 
15 18, 

wherein the barrier thin film is a silicon oxide film of equal to or less than 50 A thick. 
[Claim 20] The method for manufacturing a semiconductor device according to any one 
of Claims 1 to 8, further comprising: 

a step of irradiating the crystalline silicon film which is obtained by the first heat 
20 treatment is with laser light to improve crystallinity of the crystalline silicon film, 
wherein the second amorphous silicon film is formed over the crystalline silicon film 
with improved crystaliinity. 

[Claim 21] The method for manufacturing a semiconductor device, according to any 
one of Claims 1 to 20, 

25 wherein the catalytic element which is added to the first amorphous silicon film is one 
or plural kinds chosen from nickel, cobalt, iron, palladium, platinum, copper, and gold. 
[Claim 22] The method for manufacturing a semiconductor device, according to Claim 
21, 

wherein as the catalytic element which promotes crystallization, nickel is added to the 
30 first amorphous silicon film. 
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[Claim 23] The method for manufacturing a semiconductor device according to any one 
of Claims 1 to 22, 

wherein the amount of the catalytic element which is added to the first amorphous 
silicon film is equal to or more than 5 x 10 u cnf 2 and equal to or less than 5 x 10° cm -2 
5 in measured value of total reflection X-ray fluorometry. 

[Claim 24] A semiconductor device manufactured by the method for manufacturing a 
semiconductor device according to any one of Claims \ to 23. 

[Claim 25] A semiconductor device which is formed over the substrate having an 
insulating surface, and which uses a silicon film having crystallinity as an active area, 
10 wherein the active area includes a catalytic element to promote crystallization, and has 
concentration distribution of the catalytic element to a direction of a film thickness. 
[Claim 26] The semiconductor device according to Claim 25, 

wherein the concentration distribution of the catalytic element decreases from a surface 
opposite to that on the substrate side of the active area toward a surface on the substrate 
15 side. 

[Claim 27] The semiconductor device according to Claim 25 or 26, 

wherein the catalytic element is solid dissolved in silicon lattice in the active area, and 

is not precipitated as a silicide. 

[Claim 28] The semiconductor device according to Claim 25, 
20 wherein a periphery of a surface of the active area includes an argon element. 

[Claim 29] The semiconductor device according to any one of Claims 25 to 28, 

wherein the active area includes at least a nickel element as the catalytic element. 

[Claim 30] The semiconductor device according to any one of Claims 25 to 29, 

wherein an average concentration of the catalytic element in the active area is equal to 
25 or more than 1 x 10 ,s cm -3 to equal to or less than 1 x 10 l7 cm~ 3 . 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] The present invention relates to a manufacturing 
method of a semiconductor device, and more particularly to a manufacturing method of 
30 a semiconductor device in which an active area is a crystalline silicon film that is 
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crystallized from an amorphous silicon film. In particular, this invention is effective 
for a semiconductor device with the use of a thin film transistor (TFT) provided over a 
substrate having an insulating surface, and can be utilized for an active matrix liquid 
crystal display device, a contact image sensor, a three-dimensional IC (an integrated 
circuit), and the like. 
[0002] 

[Prior Art] In recent years, to a realization of large and high resolution liquid crystal 
display device, high speed and high resolution contact image sensor, three-dimensional 
IC, and the like, an attempt to form a high performance semiconductor device over an 
insulating substrate or an insulating film such as glass has been made. It is common to 
use a thin film-shaped silicon semiconductor for semiconductor element used for each 
device. The thin-film-shaped silicon semiconductor is classified roughly into two; one 
which is formed of an amorphous silicon (a-Si (amorphous silicon)) semiconductor and 
the other formed of a silicon semiconductor having crystallinity. 
[0003] The amorphous silicon semiconductor, for its manufacturing temperature is low, 
and it can be relatively easily manufactured by a vapor phase method, and it is highly 
mass producible, is the most generally used. However, since its physical properties 
such as conductivity and the like are inferior to those of the silicon semiconductor 
having crystallinity; therefore, in order to obtain further higher-speed characteristics, 
establishment of a method for manufacturing the semiconductor device formed of the 
silicon semiconductor having the crystallinity is strongly required. 
[0004] As methods for obtaining these thin-film-shaped silicon semiconductors, the 
following methods and the like are known: 

(1) an amorphous semiconductor film is formed, and crystal growth is performed by 
irradiation with energy beam such as laser light. 

(2) an amorphous semiconductor film is formed, and crystal growth is performed in a 
solid-phase state by the heat treatment. 

[0005] In general, the method of (1) is often used. In this method, a crystallization 
phenomenon in a course of melting and solidification is used; therefore, the crystalline 
silicon film of relatively high quality is obtained wherein crystal grains are small in 
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diameter, but there are few crystal defects in the crystal grains. However, a defect 
density in a grain boundary portion is high, which acts as a large trap for the carrier, and 
it is not sufficient from an aspect of performance of the semiconductor device. In 
addition, as for the source of light, an excimer laser which is at present the most 
5 generally used for example, one having sufficient stability has not been obtained yet, 
and the characteristics variation among the semiconductor devices is a problem. 
[0006] In addition, in the method of (2), compared to the method of (1) there are 
advantages with respect to uniformity and stability in the substrate. However, the heat 
treatment at 600°C for 30 hours of long period is necessary, and there are problems that 
10 processing time is long and throughput is low. Further, in this method, since crystal 
structure is a twin structure, one crystal grain is relatively large such as a few um; 
however, many twin crystal defects are included in the crystal grain and the crystallintty 
is inferior to the method of (1 ) of the above. 

[0007] However, recently, as a remedy for these methods, a method which lowers the 
15 heating temperature, shortens the processing time, and improves the crystallinity by 
utilizing a catalytic element which promotes the crystallization of an amorphous silicon 
film has atracted attention. Specifically, a very small amount of metal element such as 
nickel is added to the surface of the amorphous silicon film, and after that heating is 
performed. In this method, crystal nucleation in which the metal element is a nucleus 
20 occurs at an early stage, and after that crystal growth is promoted by the metal element 
acting as a catalyst, so that the crystallization drastically progresses. In addition, a 
crystalline silicon film which crystal growth is performed by such a method is different 
from a normal solid-phase growth method (the method of (2)) that it is not a twin 
structure in which there are many defects in one grain, but it is structured with a 
25 network of many columnar crystals, and although small, inside of each of the columnar 
crystals is generally in a single-crystalline state. 

[0008] In Published Patent Application No. HI 0-223534 and Published Patent 
Application No. H 10-229048, the silicon crystallized by the catalytic element, in a part 
of which an element of group 5B such as phosphorus is selectively added, and is heat 
30 treated to move (gettering) the catalytic element to the area where the element of group 



8/74 



English Translation of JP2003 -68642 



5B is added. In addition, in these published patent applications, the heat treatment of 
the gettering process of the above is performed by intense light irradiation. And, in 
order to improve the heating efficiency of light at the intense light irradiation, a film 
which has high absorption efficiency to the utilized intense light is additionally stacked. 

5 The film which has high absorption efficiency to the utilized intense light of that case, 
in the case of the Published Patent Application No. HI0-223534, is selectively provided 
to be also used as an introducing mask in introducing the element of 5B. Furthermore, 
in the case of the Published Patent Application No. H 10-229048, it is provided newly to 
the entire surface of the substrate, after the element of group 5B is added. 

10 [0009] In addition, in Published Patent Application No. HI 1-31660, a thermal oxide 
film is formed on the surface of a silicon film crystallized by a catalytic element, and 
thereover, a silicon film containing phosphorus in high concentration is provided and 
the heat treatment is performed to move the catalytic element to the upper silicon film 
and a reduction of the concentration of the catalytic element in the lower crystalline 

15 silicon film is achieved. And, the silicon film including phosphorus in the upper layer 
is removed, and the lower crystalline silicon film is used as an active area of the 
semiconductor device. 
[0010} 

[Problems to be Solved by the Invention] However, methods for obtaining crystalline 
20 silicon film of high quality such as disclosed in the Published Patent Application No. 
H10-223534, the Published Patent Application No. H10-229048, and the Published 
Patent Application No. HI 1-3 1660, have problems such as follows. 
[0011] In other words, as mentioned above, the crystallization of an amorphous silicon 
film is performed by introducing the catalytic element, therefore lowering the 
25 temperature of the heating temperature and shortening of a heating period are achieved, 
and the crystailinity of a silicon film obtained after the crystallization is clearly superior 
to that of the conventional methods of the crystallization. However, a fact that the 
above catalytic element of mainly the above metal kind exists in large quantity in the 
semiconductor blocks the electrical stability and reliability of the device using these 
30 semiconductors, which is not at all preferable. 
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[0012] Thus, the catalytic element that promotes crystallization such as nickel is needed 
when crystallizing the amorphous silicon; however it is desirable not to be included in 
the crystallized silicon as much as possible. In order to do so, first, the quantity of the 
catalyst element which is required for the crystallization is reduced as much as possible, 
5 and the crystallization needs to be performed with the minimum quantity. However, as 
the quantity of the catalytic element to be added is reduced, the growth state becomes 
very unstable. The crystalline silicon film formed in such an unstable state, in which 
variation in the crystallinity in a substrate becomes very large, cannot be possibly used 
as the film forming the active area of the semiconductor device. 

10 [0013] Therefore, second, like the each published patent application, there is a method 
such as the catalytic element within the device area is removed or reduced by moving 
(gettering) the catalytic element after the crystal growth is performed using the catalytic 
element. However, as the present inventor and the like actually performed 
experiments using the methods in the Published Patent Application No. HI 0-223 534 

15 and the Published Patent Application No. HI 0-229048 and made a TFT element 
experimentally, it was found that a sufficient effect was not obtained. In particular, 
even after a step called gettering, there still exists a large quantity of the catalytic 
element, and the TFT element is clearly adversely affected. In particular, after the 
gettering step, an introduction area is removed and the heat treatment at even higher 

20 temperature is performed, and the catalytic element remaining in the element area 
reaggregates and appears in a silicide state. This is a proof that the above mentioned 
gettering methods are still insufficient. 

[0014] In addition, when these catalytic elements exist in a junction portion of the TFT, 
they become a leak source, and a leak current during off operation increases 

25 significantly. When the TFT was experimentally made according to the methods of the 
Published Patent Application No. H10-223534 and the Published Patent Application No. 
H10-229048, with a probability of approximately 3 %, a defective TFT with high leak 
current at off operation is produced. And, as the cause of that TFT was examined, the 
existence of the silicide caused by the catalytic element was confirmed in the junction 

30 portion between a channel portion and a drain portion. 
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[0015J In addition, the Published Patent Application No. HI 1-3 1660 is a unique method 
in which the catalytic element is moved in the longitudinal direction (direction of film 
thickness) to an upper silicon film by providing a silicon film containing phosphorus in 
high concentration over a crystalline silicon film which serves as the active area and 
5 performing the heat treatment. Therefore, since that gettering distance (the distance 
that the catalytic element should move) is only the distance of the film thickness, the 
distance can be shorter compared to the above two published patent applications 
(gettering to the lateral direction), a high gettering effect can be expected. However, 
when a TFT was experimentally made by this method, the gettering ability was not at all 
10 high and the reduction of the concentration of the catalytic element was not at ail 
sufficient. Compared to the two published patent applications, it was equivalent or 
rather inferior. 

[0016] As mentioned above, the gettering methods disclosed in the above mentioned 
conventional three published patent applications cannot reduce the catalytic element in 
15 the element area sufficiently. As a result, some semiconductor devices of high quality 
can be made stochastically, but a defect rate is high and reliability is very low, therefore 
the gettering is not a technology to be mass-produced. 

[0017] Therefore, an object of this invention is to provide a method for manufacturing a 
semiconductor device which has only a little variation and stable characteristics and has 
20 high performance and high degree of integration by a simple and an easy manufacturing 
process, and to provide a semiconductor device which is manufactured by the 
manufacturing method. 
[0018] 

[Means for Solving the Problem] To achieve the above mentioned purpose, the first 
25 invention is characterized by including the steps of forming a first amorphous silicon 
film over a substrate having an insulating surface, and introducing a catalytic element to 
the first amorphous silicon film to promote the crystallization; performing a first heat 
treatment to cause crystal growth in the first amorphous silicon film, in which the 
catalytic element is added, crystal grow to be a crystalline silicon film; forming a 
30 second amorphous silicon film over the crystalline silicon film; performing a second 
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heat treatment under a condition that the second amorphous silicon film is not 
completely crystallized and moving the catalytic element in the above crystalline silicon 
film to the second amorphous silicon film, and forming an active area of a 
semiconductor device using the crystalline silicon film after removing the second 
amorphous silicon Film. 

(0019] According to the above mentioned constitution, the catalytic element which 
promotes the crystallization is added to the first amorphous silicon film and the first 
heat treatment is performed, and the first amorphous silicon film becomes a crystalline 
silicon film. After that, the second amorphous silicon film is formed over the 
crystalline silicon film, and the second heat treatment is performed under the condition 
that the second amorphous silicon film is not completely crystallized, and the catalytic 
element in the crystalline silicon film is moved to the second amorphous silicon film. 
As thus described, since the heat treatment is performed under the condition that the 
second amorphous silicon film is not completely crystallized, defects such as dangling 
bonds and the like in the second amorphous silicon film serves as a segregation site for 
the catalytic element and the catalytic element which is moved from the crystalline 
silicon film is trapped. 

[0020] As a result, compared to the conventional method in which the heat treatment is 
not performed in a condition where the second amorphous silicon film is not 
crystallized, the amount of the remaining catalytic element in the crystalline silicon film 
is largely reduced. Thus, compared to the conventional method, an abnormality of 
leak current at off operation disappears in the semiconductor device, and high reliability 
is obtained. 

[0021] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second heat treatment is performed 
under the condition that a crystalline nucleus does not occur at all in the second 
amorphous silicon film. 

[0022] According to this embodiment, the second heat treatment is performed under the 
condition that the crystalline nucleus does not occur at all in the second amorphous 
silicon film. As thus, for the entire period of time during which the catalytic element 
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in the crystalline silicon film is moved to the second amorphous silicon film, the 
maximum gettering segregation site is held. Therefore, the maximum trap effect of the 
catalytic element to the segregation site is obtained, and the highest gettering effect is 
provided. 

5 [0023] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second heat treatment is performed at 
the heating temperature and for the heating time such that the concentration of the 
catalytic element in the crystalline silicon film and the concentration of the catalytic 
element in the second amorphous silicon film are in a segregation state in the state of 

10 thermal equilibrium. 

[0024] According to this embodiment, the second heat treatment is performed at a 
heating temperature and for a heating time that are provided in the segregation state in 
the state of equilibrium. Thus, the gettering effect is saturated at the time the state of 
thermal equilibrium of segregation state is achieved, and the highest and the most stable 

15 gettering effect is obtained. 

[0025] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second heat treatment is performed at a 
heating temperature of equal to or more than 450°C to equal to or less than 550°C and 
for a processing time of equal to or higher than 5 minutes to equal to or lower than 4 

20 hours. 

[0026] According to this embodiment, as can be seen in FIG 7, the catalytic element is 
only gettered a distance of 100 run. Therefore, the catalytic element in the crystalline 
silicon film is gettered sufficiently in the direction of the thickness of the film. 
[0027] In addition, in one embodiment, in the method for manufacturing the 
25 semiconductor device of the first invention, the heating temperature is equal to or more 
than 480°C to equal to or less than 520°C, and the processing time is equal to or more 
than 10 minutes to equal to or less than 2 hours. 

[0028] According to this embodiment, the second heat treatment is performed to even 
glass substrate of 600 mm x 720 mm with a thickness of 0.7 mmt which is used for a 
30 motherboard of an active matrix substrate for a liquid crystal display without bending 
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by weight. 

|0029] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, in the heat treatment, temperature increases 
at a rate of temperature increase exceeding 5°C/minute to a temperature of the heat 
treatment, and after the heat treatment, temperature decreases at a rate of temperature 
decrease exceeding 5°C/minute. 

[0030} According to this embodiment, when using the glass substrate, the second heat 
treatment is performed without thermal damage due to extra heat treatment and without 
loss of the gettering effect. 

[0031] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second heat treatment is performed 
using a furnace in which a substrate is placed such that in a furnace core tube having a 
cross-sectional shape approximately similar to a plane shape of the substrate so that the 
substrate surface faces to the furnace core tube and at the same time a space between the 
furnace core tube and the substrate is equal to or more than 10 mm to equal to or less 
than 80 mm. 

[0032] According to this embodiment, since the space between the furnace core tube 
and the substrate in the furnace is equal to or more than 10 mm to equal to or less than 
80 mm, the amount of an ambient gas supplied to the substrate surface during the 
second heat treatment can be increased. Thus, rapid rates of temperature increase and 
decrease are achieved and a temperature distribution within the substrate is generally 
stabilized, therefore a stable performance without bending or cracking is achieved to 
even a large glass substrate of meter size. 

[0033] In addition, in one embodiment, in the first method for manufacturing the 
semiconductor device, the cross sectional shape of the furnace core tube and the plane 
shape of the substrate are rectangular. 

[0034] According to this embodiment, the space between the substrate having a 
rectangular plane shape and the furnace core tube is held optimally, and the rapid rates 
of temperature increase and decrease required at the second heat treatment are achieved, 
and the temperature distribution within the substrate is generally stabilized. 
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[0035] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second amorphous silicon film includes 
an element selected from group 5B. 

[0036] According to this embodiment, since the second amorphous silicon film includes 
5 an element selected from group 5B, solid solubility of the catalytic element in the 
second amorphous silicon film drastically improves. Thus, in addition to the gettering 
effect by a trap of the catalytic element by the segregation site, the gettering effect of the 
catalytic element by a difference of the solid solubility is performed at the same time. 
In this way, the concentration of the catalytic element in the crystalline silicon film is 
10 further reduced. 

[0037] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the element selected from group 5B is one 
or more of phosphorus, arsenic, and antimony. 

[0038] According to this embodiment, one or more of P, As, and Sb chosen from group 
15 5B are included in the amorphous silicon film. As thus, the catalytic element is 
efficiently moved, and a sufficient gettering effect is obtained. 

[0039] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second amorphous silicon film includes 
phosphorus. 

20 [0040] According to this embodiment, of the elements chosen from the group 5B, P 
from which the highest gettering effect is obtained is included in the second amorphous 
silicon film. Thus, a further higher gettering effect is obtained. 
[0041] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second amorphous silicon film 

25 including phosphorus is formed by plasma CVD (chemical vapor deposition) at a 
deposition temperature of equal to or less than 400°C with at least a silane gas and a 
phosphine gas as a material gas. 

[0042] In the case where an ion doping method is used to make phosphorus is included 
in the second amorphous silicon film, the temperature of the substrate becomes high and 
30 the amorphous silicon film is microcrystallized. In that case, the gettering effect 
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becomes small. According to this embodiment, it is formed by a plasma CVD method 
at a deposition temperature of equal to or less than 400°C with at least S1H4 gas and PH 3 
gas as a material gas, therefore the silicon film of almost complete amorphous state is 
obtained, and the concentration of phosphorus becomes very high. Therefore, the 
gettering effect of the catalytic element is not lost. 

[0043] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second amorphous silicon film includes 
boron as well as phosphorus. 

[0044] According to this embodiment, since the second amorphous silicon film includes 
boron, the catalytic element in the second amorphous silicon film becomes easy to be 
precipitated. As a result, the gettering effect to a defect or the segregation site 
becomes superior to a diffusion transfer gettering effect using a difference of solid 
solubility of the catalytic element by phosphorus. In the case, since the latter gettering 
capability has higher gettering effect, a higher gettering effect of the catalytic element is 
obtained. 

[0045] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second amorphous silicon film 
including phosphorus and boron is formed by a plasma CVD method at a deposition 
temperature of equal to or less than 400°C with at least a silane gas and a phosphine gas 
as a material gas. 

[0046] According to this embodiment, since the second amorphous silicon film 
including boron and phosphorus is formed by a plasma CVD method at a deposition 
temperature of equal to or less than 400°C with at least a S1H4 gas, a PH 3 gas, and a 
B 2 H 6 gas as a material gas, the silicon film of almost complete amorphous state is 
obtained and the concentration of phosphorus and boron become very high. Therefore, 
the gettering effect of the catalytic element is not lost. 

[0047] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second amorphous silicon film includes 
a rare gas element chosen from argon, krypton, and xenon. 

[0048] According to this embodiment, since the second amorphous silicon film includes 
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the rare gas element chosen from Ar, Kr, and Xe, a large lattice distortion is generated. 
Thus, the gettering effect caused by defect and segregation site is enabled to work very 
strongly. Furthermore, since these elements obstruct the crystal growth of the second 
amorphous silicon film and slows the rate of the crystal growth, the second amorphous 
5 silicon film is kept as more amorphous state at the time of the second heat treatment. 
Thus, the higher gettering effect is obtained. 

[0049] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the second amorphous silicon film includes 
argon. 

10 [0050] According to this embodiment, Ar from which the highest gettering effect is 
obtained among the elements chosen from the Ar, Kx, and Xe is included in the second 
amorphous silicon film. Therefore, higher gettering effect is obtained. 
[0051] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, to the second amorphous silicon film, after 

1 5 formed by a plasma C VD method, argon is added by an ion doping method. 

[0052] According to this embodiment, after the second amorphous silicon film is 
formed first, lattice distortion of the second amorphous silicon film becomes larger as 
Ar element is added by a doping method, and higher gettering effect is obtained. In 
addition, in that case, a material gas for doping is a rare gas and has purity of 100%, 

20 therefore throughput of doping is very high. 

[0053] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, a barrier thin film which functions as an 
etching stopper when the second amorphous silicon film is removed is formed between 
the second amorphous silicon film and the crystalline silicon film. 

25 [0054] The crystalline silicon film of a lower layer and the second amorphous silicon 
film of and upper layer are of the same silicon film type material; therefore a selective 
etching having the etching selectivity ratio of close to 1 00% is impossible. According 
to this embodiment, since barrier thin film which serves as the etching stopper when the 
second amorphous silicon film trapping the catalytic element is removed is formed 

30 between the second amorphous silicon film and the crystalline silicon film which 
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becomes an active area, only the second amorphous silicon film of the upper layer is 
completely removed while leaving the crystalline silicon film of the upper layer. 
[0055] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the barrier thin film is a silicon oxide film 
of equal to or less than 50 A thick. 

[0056J According to this embodiment, since the silicon oxide film having a thickness of 
equal to or less than 50 A is used as the barrier thin film, it has a sufficient etching 
selectivity ratio as the etching stopper. Moreover, through the barrier thin film, a 
transfer of the catalytic element from the crystalline silicon film of the lower layer to the 
second amorphous silicon film of the upper layer is performed, and the sufficient 
gettering effect is obtained. 

[0057] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, a step of irradiating the crystalline silicon 
film obtained by the first heat treatment with the laser light to improve crystallinity of 
the crystalline silicon film is included, and also the second amorphous silicon film is 
formed over the crystalline silicon film which is improved its crystallinity. 
[0058] According to this embodiment, the crystalline silicon film obtained by the first 
heat treatment is irradiated with the laser light, and a crystal grain boundary portion or a 
fine remaining amorphous area (non-crystallized area) are intensively processed due to 
the difference in melting point between the amorphous silicon film and the crystalline 
silicon film. In that case, the crystalline silicon film crystallized with an introduction 
of the catalytic element includes columnar crystals and its inside is in a single crystal 
state. Therefore, when the crystal grain boundary portion is processed by irradiation 
with an intense light, a high quality crystalline silicon film close to the single crystal 
state which covers the entire surface of the substrate is obtained. In that way, the 
crystallinty of the crystalline silicon film is improved. 

[0059] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the catalytic element added into the first 
amorphous silicon film is one or more chosen from nickel, cobalt, iron, palladium, 
platinum, copper, and gold. 
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[0060] According to this embodiment, one or more catalytic element chosen from Ni, 
Co, Fe, Pd, Pt, Cu, and Au are added into the first amorphous silicon film. In that way, 
the sufficient crystallization promoting effect is obtained with very small amount. 
[0061] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, to the first amorphous silicon film, nickel is 
added as the catalytic element which promotes crystallization. 

[0062] According to this embodiment, Ni which shows the highest crystallization 
promoting characteristic is added into the first amorphous silicon film as the catalytic 
element. Therefore, higher crystallization promoting effect is obtained. 
[0063] In addition, in one embodiment, in the method for manufacturing the 
semiconductor device of the first invention, the amount of the catalytic element added 
into the first amorphous silicon film is equal to or more than 5 x 10 u cm" 2 to equal to or 
less than 5x10° cm" 2 in measured value of total reflection X-rays fluorometry. 
[0064] According to this embodiment, the amount of the catalytic element added to the 
first amorphous silicon film is equal to or more than 5 x 10 H cm" 2 . Therefore, the 
sufficient crystal growth is caused. In addition, the amount of the catalytic element 
added is equal to or less than 5 x 10 13 cm" 2 . Therefore, the excessive catalytic element 
which does not contribute to the crystal growth is not precipitated, and in the gettering 
step afterward, sufficient gettering is performed. 

[0065] In addition, a semiconductor device of a second invention is characterized by 
being manufactured by the manufacturing method for the semiconductor device of the 
first invention. 

[0066] According to the above mentioned constitution, since the heat treatment is 
performed under the condition that the second amorphous silicon film is not completely 
crystallized, the defects in the second amorphous silicon film serves as the segregation 
site and the catalytic element moved from the crystalline silicon film is trapped. 
Therefore, compared to the conventional method in which the heat treatment is not 
performed when the second amorphous silicon film is not crystallized, high reliability is 
obtained, because the amount of the remaining catalytic element in the active area is 
largely reduced, and an abnormality of leak current of the semiconductor device at off 
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operation disappears. 

[0067] In addition, a third invention is characterized in that in the semiconductor device 
being formed over a substrate having an insulating surface and using a silicon film 
having crystal linity as an active area, the active area includes a catalytic element which 
promotes the crystallization and has a concentration distribution of the catalytic element 
to the direction of the film thickness. 

[0068] According to the constitution, the crystalline silicon film as the active area 
includes the catalytic element which promotes thecrystallization, and has the 
concentration distribution to the direction of the film thickness. This is a proof that the 
catalytic element is added to the amorphous silicon film and the crystalline silicon film 
is obtained from the crystal growth performed by heating, and afterwards, the catalytic 
element is efficiently gettered to the direction of the film thickness. In other words, it 
means being manufactured by the method for manufacturing the semiconductor device 
of the first invention. 

[0069] Therefore, high reliability is obtained, because the amount of the remaining 
catalytic element in the crystalline silicon film is largely reduced, and an abnormality of 
leak current at off operation disappears. 

[0070] In addition, in one embodiment, in the semiconductor device of the third 
invention, the concentration distribution of the catalytic element decreases from a 
surface opposite to that on the substrate side of the active area toward a surface on the 
substrate side. 

[0071] According to this embodiment, gettering of the catalytic element to the direction 
of the film thickness is efficiently performed from the crystalline silicon film toward a 
gettering sink formed over this crystalline silicon film. 

[0072] In addition, in one embodiment, in the semiconductor device of the third 
invention, the catalytic element forms a solid solution in silicon lattice in the active area, 
and is not precipitated as the silicide. 

[0073] According to this embodiment, although the crystal growth of the amorphous 
silicon film is performed by the catalytic element, sufficient gettering is performed after 
the crystal growth, and the amount of the remaining catalytic element in the crystalline 
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silicon film as the active area is largely reduced. In particular, the abnormality of the 
leak current at off operation caused by the catalytic element precipitated as the silicide 
disappears, and high reliability is obtained. 

[0074] In addition, in one embodiment, in the semiconductor device of the third 
5 invention, a periphery of the surface of the active area includes argon element. 

[0075] According to this embodiment, the periphery of the surface of the active area 
includes Ar element, which represents that the gettering sink formed on an upper layer 
of the active area is doped with Ar when the catalytic element is gettered. Therefore, 
an effective gettering with ar is performed to the active area, and the amount of the 

10 remaining catalytic element is largely reduced. 

[0076] In addition, in one embodiment, in the semiconductor device of the third 
invention, the active area includes at least nickel element as the catalytic element. 
[0077] According to this embodiment, when the crystalline silicon film as the active 
area is formed, Ni which shows the highest crystallization promoting characteristic is 

15 added to the amorphous silicon film for the crystal growth to be performed. As thus, 
the sufficient crystal growth of the active area is caused. 

[0078] In addition, in one embodiment, in the semiconductor device of the third 
invention, an average concentration of the catalytic element in the active area is equal to 
or more than 1 x 10 15 cm" 3 and equal to or less than 1 x 10 17 cm -3 . 
20 [0079] According to this embodiment, since the concentration of the catalytic element in 
the active area is equal to or less than t x 10 i7 cm" 3 , an electrical adverse effect of the 
catalytic element on element characteristics is not found at all. 
[0080] 

[Embodiment Mode of the Invention] Hereinafter, the invention is explained with the 

25 illustrated embodiment modes of the Figures in detail. 

Embodiment Mode 1> In this embodiment mode, a case in which this invention is 
applied to a process of forming an n-type TFT over a glass substrate is explained. The 
TFT in the embodiment mode can not only be utilized for a driver circuit or a pixel 
portion of an active-matrix liquid crystal display device, but can be utilized for an 

30 element included in a thin film integrated circuit. 
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[0081] FIG 1 and FIG 2 are cross sectional views showing an outline of a 
manufacturing process of the TFT in the embodiment mode, and the manufacturing 
process of the TFT proceeds sequentially in the order of FIG 1 (a) to FIG 2 (g). First, 
as shown in FIG 1 (a), over a glass substrate 1, a base film formed of a silicon oxide 2 

5 having the film thickness of 300 nm to 500 nm is formed by for example a plasma CVD 
method. This silicon oxide film 2 is provided in order to prevent impurities from 
diffusing from the glass substrate 1 . Next, an intrinsic (I-type) amorphous silicon film 
(a-Si film) 3 having a film thickness of 20 nm to 80 nm (for example 40 nm) is formed 
by the plasma CVD method. In the embodiment mode, a deposition is performed 

10 using a parallel plate-type plasma CVD apparatus and a silane (SiH 4 ) gas and an H 2 gas 
are used as a material gas with a substrate heating temperature of 300°C and a power 
density of RF (a high frequency) power of 10 mW/cm 2 to 200 raW/cm 2 (for example 80 
mW/cm 2 ). 

[0082] Next, a very small amount of nickel 4 is added to the surface of a-Si film 3. 

15 This addition of the very small amount of the nickel 4 is performed such that a solution 
in which the nickel 4 is dissolved is held over the a-Si film 3, and the solution is spread 
evenly over the a-Si film 3 by a spinner and is dried. In the embodiment mode, nickel 
acetate is used for a solute, and water is used for a solvent, and the concentration of 
nickel in the solution is set to 10 ppm. When the concentration of nickel 4 which was 

20 added to the surface of the a-Si film 3 is measured by a total reflection X-ray 
fluorescence (TRXRF) method, it was about 7 x 10 I2 atoms/cm 2 . 
[0083] Moreover, this is heat-treated under the inert atmosphere such as nitrogen 
atmosphere. In this heat treatment, during a rise in temperature, a first step of heat 
treatment is performed in order to perform dehydrogenation in the a-Si film 3, and later 

25 the crystallization of the a-Si film 3 is performed by a second step of the heat treatment 
at even higher temperature. Specifically, an annealing treatment is performed at 450°C 
to 520°C for one hour to 2 hours as the first step of the heat treatment, and the annealing 
treatment at 520°C to 570°C for 2 hours to 8 hours as the second step of the heat 
treatment. In the embodiment mode, as one example, the first step of the heat 

30 treatment is performed at 500°C for one hour, and afterwards the second step of the heat 
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treatment is performed at 550°C for 4 hours. By this heat treatment, the nickel 4 
which is added to the surface of the a-Si film 3 diffuses into the a-Si film 3 and a 
silicification happens. And, with nickel 4 as a nucleus the crystallization of the a-Si 
film 3 progresses. As a result, as shown in FIG 1 (b), the a-Si film is crystallized and 
becomes a crystalline silicon film 3a. 

[0084] Next, as shown in FIG1 (b), by irradiating with laser light 5, the crystalline 
silicon film 3a is recrystallized to improve its crystallinity. For the laser light 5 of this 
case, a XeCl excimer laser (wavelength: 308 ran, pulse width: 40 nsec) was used. An 
irradiation condition of laser light was that a semiconductor layered product was heated 
to 200°C to 450°C (for example, 400°C) at the time of irradiation, and it was irradiated 
at the energy concentration of 250 mJ/cm 2 to 450 mJ/cm 2 (for example, 350mJ/cm 2 ). 
The laser light is shaped into an elongated shape with a beam size of 1 50 mm x 1 mm 
over the surface of the glass substrate 1, and a scanning is performed sequentially with a 
step width of 0.05 mm along perpendicular direction to the elongated direction. In 
other words, at arbitrary one point of the crystalline silicon film 3a, 20 times of laser 
irradiation in total is performed. In this way, the crystalline silicon film 3a which is 
obtained by the solid-phase crystallization becomes a crystalline silicon film 3b of 
higher quality, because the crystal defect is reduced by a melting and solidification 
process by the laser irradiation. 

[0085] Next, as shown in FIG 1 (c), by performing thin film oxidation to the surface of 
the crystalline silicon film 3b, a silicon oxide film 6 which serves as an etching stopper 
is formed. The formation of the silicon oxide film 6 is performed by holding ozone 
water on the surface of the crystalline silicon film 3b. In that case, the concentration 
of ozone in the ozone water is preferably equal to or more than 5 mg/1, and in the 
embodiment mode, is set to 8 mg/1. The maintenance time of the ozone water over the 
surface of the crystalline silicon film 3b is one minute. When forming a denser silicon 
oxide film 6, before the ozone water treatment, it is preferable that a naturally oxidized 
film over the surface of the crystalline silicon film 3b is removed, and in the case of the 
embodiment, before the ozone water treatment, a hydrofluoric acid washing is 
performed to expose an active surface of the silicon film, and the treatment by the ozone 
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water is performed. The film thickness of the silicon oxide film 6 formed as such is 
measured by the spectro-ellipsometry and is about 30 A. 

[0086] Next, so as to cover the silicon oxide film 6, two layers, an a-Si film 7 which is 
non-doped (intrinsic) and an a-Si film 8 which includes phosphorous, are formed by the 

5 plasma CVD method. In the embodiment mode, by using a multi-chamber plasma 
CVD apparatus, the two layers 7 and 8 are formed consecutively without being exposed 
to atmosphere. In this case, the lower a-Si film 7 has, in addition to being the gettering 
sink for the nickel 4, a role as a buffer layer preventing diffusion and pollution of 
phosphorus from the a-Si film 8 of an upper layer which includes phosphorous to the 

10 active layer of the silicon film 3b. When forming the a-Si film 7, the substrate heating 
temperature is 350°C, and a SiHt gas and an H 2 are used as a material gas. On the 
other hand, when forming the a-Si film 8 which includes phosphorus, S1H4 and 
phosphine (PH 3 ) are used as material gas. In doing so, the concentration of 
phosphorus in the a-Si film 8 can be changed by the flow rate of phosphine gas 

15 voluntarily. In the embodiment mode, the flow rate of PH 3 /SiH4 was 3/100. The 
concentration of phosphorus in the a-Si film 8 at this time is about 1%. 
[0087] In addition, in this state, heat-treatment is performed under the inert atmosphere 
such as nitrogen atmosphere. The treatment temperature and the treatment time of this 
case are 450°C to 550°C for 5 minutes to 4 hours, more preferably 480°C to 520°C for 

20 1 0 minutes to 2 hours. In addition, the rate of the temperature increase to the treatment 
temperature and the rate of the temperature decrease from the processing temperature is 
preferable to be at least equal to or more than 5°C/minute. In the embodiment mode, 
an one hour treatment is performed at a heating temperature of 500°C. In doing so, the 
temperature is increased to 500°C in 30 minutes (at the rate of the temperature increase 

25 of 10°C/minute) from the state in which the substrate is pre-heated at approximately 
200°C, and after the treatment, the temperature is decreased from 500°C to 200°C in 30 
minutes in the same manner. 

[0088] In this heat treatment, the crystal nucleation does not occur in the second 
amorphous silicon films 7 and 8 which serve as the gettering sink and the films are kept 
30 in a state of being not crystallized at all (amorphous state). Therefore, the gettering 



24/74 



English Translation of JP2003 -68642 



effect is obtained to the maximum extent possible. In addition, in the embodiment 
mode, a non-annealed Corning Code 1737 glass substrate having the thickness of 0 .7 
ramt with 320 mm x 400 mm is used for the glass substrate 1, and warpage, bending, 
crack, and the like of course did not occur due to this heat treatment. Moreover, it is 
5 confirmed that with the heat treatment such as in the embodiment mode, even a 
meter-sized large grass substrate can be used without problem. 

[0089] In the embodiment mode, the heat treatment is performed, using a furnace 
wherein the substrate surface is faced to the direction of a furnace core in a furnace core 
tube 91 having a cross-sectional shape approximately similar to a plane shape of the 

10 substrate, and the furnace core tube 91 and the substrate are placed as to minimize the 
space between them as shown in FIG 10. The furnace core tube 91 is formed with a 
section having a slightly larger rectangular shape than the size of the substrate 1 of 320 
mm x 400 mm, and its internal size is 400 mm x 480 mm. The charge number of 
substrates 92 is 20, and 20 substrates 92 are simultaneously processed. In addition, a 

15 nitrogen gas is supplied from the upper position of the furnace core tube 91, and 
diffused among the substrate 92, and each substrate 92 can be heated equally in a plane. 
[0090] In FIG. 10, the quartz tube (furnace core tube) 91 is heated at 500°C t and in a 
home position 95 under the tube 91, a boat 93 charged with the substrates 92 is 
pre-heated to 200°C. Then, as shown by an arrow (A), the temperature is increased as 

20 the boat 93 goes into the tube 91 , and the heat treatment of the substrates 22 starts when 
the whole body of the boat 93 is entirely in an annealing zone 96. The temperature 
decrease, in contrast, is performed by bringing down the boat 93 to the home position 
95 which is a pre-heating zone. 

[0091] By using such a furnace, a fast rate of the temperature decrease can be achieved, 
25 and the temperature distribution in the substrate can be generally kept constant. 
Therefore, even as to the meter-sized large glass substrate, a stable treatment without 
crack nor distortion can be achieved. 

[0092] By the heat treatment such as the above mentioned, the a-Si film 7 and the a-Si 
film 8 including phosphorus are not crystallized at all, and their defects become the 
30 segregation trap for nickel, and the nickel 4 in the crystalline silicon film 3b of the 
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lower layer is, as shown in FIG 1 (d) by an arrow 9, drawn to the upward direction. In 
doing so, in the a- Si film 8 which includes phosphorus, with the addition of the 
gettering effect of nickel by phosphorus as well, functions as a stronger gettering sink. 
At this time, the nickel 4 is moved through the thin silicon oxide film 6, and the silicon 
5 oxide film 6 having the film thickness as in the embodiment mode does not become an 
obstacle for such transfer. 

[0093] As a result, most of the nickel 4 in the crystalline silicon film 3b is moved to the 
a-Si film 7 and the a-Si film 8 which includes phosphorus of the upper layers, and the 
concentration of nickel in these films 7 and 8 is increased. In contrary, the 

10 concentration of the nickel in the crystalline silicon film 3 b of the lower layer is largely 
decreased, and a high quality crystalline silicon film 3c in which the concentration of 
nickel is low is obtained. In the above-described heat treatment of 500°C for one hour, 
the concentration of nickel in the crystalline silicon film 3c and the concentration of 
nickel in the a-Si film 7 and the a-Si film 8 which includes phosphorus of the upper 

15 layers that are the gettering sink are in the thermal equilibrium state in the segregation 
state. In other words, it is the state wherein the transfer of the nickel 4 no longer 
occurs even if the processing time is extended further more. 

[0094] In this state, the actual concentration of nickel in the crystalline silicon film 3c 
was measured by secondary ion mass spectrometry (SIMS), and it was reduced to 

20 approximately 5 x 10 16 atoms/cm 3 . Incidentally, the concentration of nickel, by the 
conventional method in which the heat treatment that does not crystallize the a-Si films 
7 and 8 of the gettering sink is not performed as in the embodiment mode, is in the order 
of 2 x 1 0 1 7 atoms/cm 3 . In addition, the concentration of nickel in the crystalline silicon 
film 3b before the step of this heat treatment is approximately 1 x 10 18 atoms/cm 3 , the 

25 amount of the remaining nickel can be reduced to approximately 1/20 (1/4 of the 
conventional method). In addition, the nickel 4 remaining in the crystalline silicon 
film 3c at this stage is not in die silicide state, but exists in the solid solution state; 
therefore it does not become a problem to the electrical characteristics of the TFT. 
[0095] Next, the a-Si film 7 and the a-Si film 8 which include phosphorus which have 

30 higher concentration of nickel because the nickel 4 is gettered as mentioned above, are 
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removed by overall etching. In that case of the etching, an etchant which has a 
sufficient etching selecting ratio with respect to a silicon oxide film is used in order for 
the silicon oxide film 6 of the lower layer to function sufficiently as the etching stopper. 
In the embodiment mode, a strong alkaline solution such as a developing solution is 
5 used. And, after the a-Si films 7 and 8 are removed, the silicon oxide film 6 is 
removed by etching. As the etchant of that case, 1:10 buffered hydrogen fluoride 
(BHF) which has a sufficient selectivity with the silicon film 3c of the lower layer was 
used, and a wet etching was performed. 

[0096] After that, an unnecessary part of the crystalline silicon film 3c is removed and a 

10 separation between elements is performed. In other words, a crystalline silicon film 10 
in an island shape which serves as the active area (source and drain region and a 
channel area) of the TFT later is formed as shown in FIG 2 (e) by this step. 
[0097] Next, as shown in FIG 2 (f), a silicon oxide film having a thickness of 20 run to 
150 nm (here 100 run) is formed as a gate insulating film 11 covering the crystalline 

15 silicon film 1 0 which serves as the active area. The formation of the silicon oxide film 
is performed by RF plasma CVD method to decompose and deposit with oxygen at a 
substrate temperature of 150°C to 600°C {preferably 300°C to 450°C) TEOS (Tetra 
Ethoxy Ortho Silicate) that is a raw material. Alternatively, with the TEOS as the raw 
material, forming with an ozone gas by low pressure CVD method or normal pressure 

20 CVD method at the substrate temperature of 350°C to 600°C (preferably 400°C to 
550°C) is not a problem. After the formation of the gate insulating film 1 1 , in order to 
improve a bulk characteristic of the gate insulating film 11 itself and interface 
characteristic of the crystalline silicon film/gate insulating film, the annealing is 
performed under inert atmosphere at 500°C to 600°C for one to 4 hours. 

25 [0098] Continuously, a film of aluminum having a thickness of 40 nm to 800 nm (for 
example 600 nm) is formed by sputtering method. Then, by patterning the aluminum 
film, a gate electrode 12 is formed. In addition, a surface of this electrode of 
aluminum is anodized to form an oxide layer 13 on the surface. This state is 
equivalent to FIG 2 (f). In addition, when the TFT is a pixel TFT of the active matrix 

30 substrate, the gate electrode 12, planarly forms a gate bus line simultaneously. The 
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anodization is performed in an ethylene glycol solution in which tartaric acid of 1% to 
5% is included, and first the voltage is increased to 220 V at a certain current, and that 
state is held for 1 hour and it is terminated. The thickness of the oxide layer 13 which 
is obtained is 200 nm. In addition, this oxide layer 13, in a subsequent ion doping 
process, becomes thick as to form an offset gate area; therefore the length of the offset 
gate area can be determined by the anodization step. 

[0099] Next, by an ion doping method, with the use of the gate electrode 12 and its 
peripheral oxide layer 13 as the mask, the impurity (phosphorus) is implanted to the 
active area. Phosphine (PH 3 ) is used as a doping gas, the acceleration voltage is 60 kV 
to 90 kV (for example 80 kV), and a dose is 1 * 10 15 cm 2 to 8 x I5 15 cm -2 (for example 
2 x \0 ls cmT 2 ). By this step, an area 14 and an area 15 in which the impurity is 
implanted later become the source and drain area of the TFT, and an area 16 which is 
masked by the gate electrode 12 and its peripheral oxide layer 13 and in which the 
impurity is not implanted later become a channel area of the TFT. 
[0100] After that, as shown in FIG 2 (f), annealing is performed by irradiation with a 
laser light 17 to activate the ion-implanted impurity, and at the same time, the 
crystallinity of a part in which the crystalliniry is deteriorated by the step of introducing 
the impurity is improved. In doing so, for a laser to be used, an XeCl exctmer laser 
(wavelength 308 nm, pulse width 40 nsec) is used, and irradiation is performed at an 
energy density of 150 mJ/cm 2 to 400mJ/cm 2 (preferably 200 mJ /cm 2 to 250 mJ/cm 2 ). 
A sheet resistance of the n-type impurity (phosphorus) areas 14 and 15 that are formed 
as such is 200SM3 to 500Q/O. 

[0101] Continuously, as shown in FIG 2 (g), an interlayer insulating film 18 such as a 
silicon oxide film or the silicon nitride film having the thickness of approximately 600 
nm is formed. In addition, in the case of using the silicon oxide film, the excellent 
interlayer insulating film superior in step coverage is obtained, if formed with the use of 
TEOS as the raw material by the plasma CVD method with the TEOS and oxygen the 
low pressure CVD method or the normal pressure method with ozone. In addition, if 
the silicon nitride film formed by the plasma CVD method using SiH 4 and NH 3 as the 
material gas is used, there is an effect to supply the hydrogen atoms to the interface of 
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the active area/the gate insulating film and to reduce dangling bonds which deteriorate 
TFT characteristics. 

[0102] Next, a contact hole is formed in the interiayer insulating film 18, and source 
electrode/wiring 19 of the TFT is formed with a metal material (for example, two-layer 
5 film of titanium nitride and aluminum). The titanium nitride film is provided as a 
barrier thin film to prevent aluminum from diffusing to the semiconductor layer. 
When a TFT 21 is used as the pixel TFT, since it is an element to switch the pixel 
electrode, a pixel electrode 20 formed of a transparent conductive film such as ITO 
(indium tin oxide) is provided as the other drain electrode. In this case, the source 

10 electrode/wiring 19 forms a part of the gate bus line. And a video signal is supplied 
through this source bus line, and the electric charge that is necessary is written to the 
pixel electrode 20 based on and the gate signal through the gate bus line the gate 
electrode 1 2. And finally, under the nitrogen atmosphere of one atmospheric pressure, 
annealing is performed at 350°C for one hour, and the TFT 21 shown in FIG 2 (g) is 

15 completed Moreover, if necessary, in order to protect the TFT 21, a protective film 
that is formed of a silicon nitride film or the like is provided over the TFT 2 1 . 
[0103] Although the TFT which is manufactured according to the embodiment mode, 
has very high performance such as a field effect mobility of approximately 250 cm 2 /Vs 
and a threshold voltage of approximately 1.5 V, there is absolutely no abnormal increase 

20 of the leak current at the off operation of the TFT that is often seen in the conventional 
TFT manufactured using the catalytic element, and a very low value equal to or less 
than 1 pA per unit W is stably shown. This value of the leak current is not inferior at 
all to the conventional TFT manufactured without the catalytic element, and the 
manufacturing yield can be largely improved. 

25 [0104] In addition, reliability is very high compared to the conventional TFT, since the 
characteristics deterioration of the TFT is hardly seen even after a repetitive 
measurement, and a durability test by thermal stress and bias. And, when an active 
matrix substrate for the liquid crystal display manufactured based on the embodiment 
mode is actually turned on and evaluated, display unevenness is clearly little compared 

30 to one which uses the conventional TFT that is manufactured with the catalytic element, 
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pixel defects caused by a TFT leak are also extremely few, and a liquid crystal panel of 
high display quality and high contrast ratio can be obtained. 

[0105] As mentioned above, in the embodiment mode, the a-Si film 3 is formed over the 
glass substrate 1, and nickel 4 of about 7 x 10 12 atoms/cm 2 is added onto the surface of 
5 the a-Si film 3. In addition, under inert atmosphere, during the temperature increase, 
the first step of the heat treatment in which the dehydrogenation of the Si film 3 is 
performed, and the crystallization of the amorphous silicon film is performed by the 
second step of the heat treatment which is with higher temperature, and the crystalline 
silicon film 3a is obtained. 

10 [0106] Subsequently, irradiating with the laser light 5 to reduce the crystal defect by 
melting and solidifying the crystalline silicon film 3a obtained by solid-phase 
crystallization, and changing it to the crystalline silicon film 3b of higher quality. In 
addition, the non-doped a-Si film 7 and the a-Si film 8 which includes phosphorus are 
formed, and the heat treatment is performed under inert atmosphere at a temperature of 

15 450°C to 550°C for 5 minutes to 4 hours at the rates of temperature increase and 
decrease of equal to or more than 5°C/minute. By this heat treatment, the crystal 
nucleation does not occur in the second amorphous silicon films 7 and 8, and they are 
kept in completely non-crystallized state (amorphous state). Therefore, the gettering 
effect is obtained to the maximum extent possible. 

20 [0107] By such heat treatment, the a-Si film 7 and the a-Si film 8 which includes 
phosphorus is not crystallized at all, and their defects become the segregation trap for 
nickel, and the nickel 4 in the crystalline silicon film 3b of the lower layer is drawn to 
the upward direction. In so doing, the a-Si film 8 which includes phosphorus, with the 
addition of the gettering effect of nickel by phosphorus, functions as a stronger gettering 

25 sink. 

[0108] Therefore, according to the embodiment mode, most of the nickel 4 in the 
crystalline silicon film 3b is moved to the a-Si film 7 and the a-Si film which includes 
phosphorus of the upper layer, and the concentration of nickel in the crystalline silicon 
film 3b of the lower layer is largely reduced, and the crystalline silicon film 3c of higher 
30 quality with a low concentration of nickel is obtained. In other words, the 
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concentration of the remaining nickel can be reduced to approximately 1/4 of the 
conventional method which does not perform the heat treatment that does not crystallize 
the gettering sink. 

[0109] In addition, the manufacturing process of the TFT according to the embodiment 
mode is for the pixel electrode of the active matrix substrate. However, the method for 
manufacturing the semiconductor device can be easily applied to the thin film integrated 
circuit and the like, and in that case, the contact hole is formed over the gate electrode 
12, and wiring that is necessary is provided. 

[0110] Embodiment Mode 2> In this embodiment mode, the case in which the 
invention is applied to the process of manufacturing a CMOS (complementary 
metal-oxide semiconductor) structure TFT which is compiementarily structured with 
n-type TFT and p-type TFT that configures the peripheral driver circuit of the active 
matrix type liquid crystal display device and the general thin film integrated circuit over 
the glass substrate is explained. 

[01U] FIG 3 and FIG 4 are the cross sectional views showing the abstract of the 
manufacturing process of the TFT concerning the embodiment mode, and the 
manufacturing process progresses accordingly with the order of FIG 3 (a) to FIG 4 (g). 
First, as shown in FIG 3 (a), for example, the base film which includes a silicon oxide 

32 having the thickness of 300 nm to 500 run is formed over a glass substrate 3 1 . This 
silicon oxide film 32 is provided to prevent the impurities from diffusing from the glass 
substrate 3 1 by for example, sputtering method. Second, an intrinsic (I-type) a-Si film 

33 having a film thickness of 20 nm to 80 nm (for example 40nm) is formed by the 
plasma CVD method. In the embodiment mode, the deposition is performed using the 
parallel plate-type plasma CVD apparatus and SiFL, gas and FL, gas as a material gas and 
the heating temperature of 300°C and the power density of RF power of \ 0 mW/cm 2 to 
200m W/cm 2 (for example 80 mW/cm 2 ). 

[0112] Subsequently, addition of a very small amount of a nickel 34 is performed over 
the a-Si film 33. This addition of the very small amount of nickel 34 is performed by 
maintaining the solution in which the nickel 34 is dissolved over the a-Si film 33, and 
spreading the solution uniformly over the a-Si film 33 by the spinner and drying it. In 
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the embodiment mode, acetic acid nickel is used for dissolved substance, ethanol is used 
for a solvent, and the concentration of nickel in the solution is set to 1 ppm. In this 
way, the concentration of the nickel 34 which is added over the surface of the a-Si film 
33 is measured by the TRXRF method, and is approximately 5 x 10 u atoms/cm 2 . 

5 [01 1 3] In addition, this is heat-treated under inert atmosphere such as nickel atmosphere. 
In this heat treatment, it is desirable that the annealing treatment of 5 20°C to 570°C for 
2 hours to 8 hours is performed. In the embodiment mode, as one example, a heat 
treatment was performed at 550°C for 4 hours. By this heat treatment, the 
silicification of the nickel 34 which is added over the surface of the a-Si film 33 occurs. 

10 And with the nickel 34 as the nucleus the crystallization of the a-Si film 33 progresses. 
As a result, as shown in FIG 3 (b), the a-Si film 33a is crystallized to be a crystalline 
silicon film 33b. 

[0114] However, with the amount of the nickel 34 added, the amount of the catalytic 
element is not sufficient to totally crystallize the a-Si film 33, and the crystal growth 

15 stops in a state in which partly a minute (around several um) amorphous area remains. 
When the heating temperature of the heat treatment is equal to or less than 570°C, the 
crystallization of the silicon film itself is not generated, and an uncrystallized area 
which remains as the a-Si. As a result, the crystalline silicon film 33a which is 
obtained after the heat treatment at 550°C for 4 hours according to this embodiment 

20 mode is in the state in which the minute amorphous domain is mixed in the crystallized 
domain. 

[0115] Subsequently, as shown in FIG 3 (b), by irradiating with a laser light 35, the 
crystalline silicon film 33a is further crystallized, and a crystalline silicon film 33b is 
obtained. For the laser light 3 5 at this time, a XeCl eximer laser (wave length: 308 nm, 

25 pulse width: 40 nsec) was used. An irradiation condition of the laser light was that a 
semiconductor layered product was heated to 200°C to 450°C (for example, 400°C) at 
the time of irradiation, and it was irradiated at the energy concentration of 200 mJ/cm 2 
to 450 mJ/cm 2 (for example, 350 mJ/cm 2 ). The beam size is shaped in an elongated 
shape of 150 mm x 1 mm over the surface of the glass substrate 31, and a scanning is 

30 performed sequentially with a step width of 0.05 mm along perpendicular direction to 
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the elongated direction. In other words, at arbitrary one point of the crystalline silicon 
film 33a, 20 times of laser irradiation in total is performed 20 times of laser irradiation 
in total is performed. By this laser irradiation, the amorphous area remaining in the 
crystallized area melts with preferentially, and the entire film is crystallized reflecting 
only a good crystal component of the crystallized area. 

[0116] Subsequently, as shown in FIG 3 (c), by thin film oxidizing the surface of the 
crystalline silicon film 33b, a silicon oxide film 36 which becomes the etching stopper 
is formed. Forming of the silicon oxide film 36 is performed by irradiating an excimer 
UV light to the surface of the crystalline silicon film 33b. The processing time of that 
case is about 1 minute. The film thickness of the silicon oxide film 36 is measured by 
the spectro-ellipsometry and is about 30 A. 

[0117] Subsequently, so as to cover the silicon oxide film 36, an a-Si film 37 which 
includes phosphorus and boron is formed by the plasma CVD method. Formation of 
the a-Si film 37 which includes phosphorus and boron, in the embodiment mode, is 
performed by using the parallel plate-type CVD apparatus, and using SiHj, PH 3 , and 
diborane (BzHe) as material gas at a heating temperature of 350°C. In so doing, the 
concentrations of phosphorus and boron in the a-Si film 37 can be changed by the flow 
rate of these three kinds of gases voluntarily. In the embodiment mode, the flow rate 
of PHb/BzIVSiH* is set to 3/1/100. The concentration of phosphorus in the a-Si film 
37 is about 10%, and the concentration of boron is about 0.5%. 

[0118] And, in this state, in inert atmosphere such as nickel atmosphere, the heat 
treatment is performed. The treatment temperature and the treatment time of this case 
are: 450°C to 550°C for 5 minutes to 4 hours, more preferably 480°C to 520°C for 10 
minutes to 2 hours. In addition, the rate of the temperature increase to the treatment 
temperature and the rate of the temperature decrease from the treatment temperature is 
preferably performed at least at equal to or more than 5°C/minute. In the embodiment 
mode, the treatment at a heating temperature of 500°C for 1 hour was performed. In 
so doing, the temperature is increased to 500°C in 30 minutes (the rate of the 
temperature increase of 10°C/minute) from the state in which the substrate is pre-heated 
at approximately 200°C, and after the treatment, the temperature is decreased from 
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500°C to 200°C in 30 minutes in the same manner. 

[0119] In this heat treatment, the crystal nucleation does not occur in the a-Si film 37 
which includes phosphorus and boron which serve as the gettering sink, and which is 
kept in a completely non-crystallized state (amorphous state). Therefore, the gettering 
5 effect can be obtained to the maximum extent. In addition, in the embodiment mode, 
the non-annealed Corning Code 1737 glass substrate having the thickness of 0 .7 mmt 
with 320 mm x 400 mm is used for the glass substrate 3 1 , and warpage, bending, crack, 
and the like of course did not occur due to this heat treatment. Moreover, it is 
confirmed that with the heat treatment such as in the embodiment mode, even a 
10 meter-sized large substrate can be used without problem. In the case of the 
embodiment mode, the heat treatment is performed by using the furnace as shown in 
FIG 10 which is explained in the embodiment mode 1. 

[0120] By the heat treatment such as above mentioned, the a-Si film 37 which includes 
phosphorus and boron is not crystallized at all, and its defect becomes the segregation 

15 trap for nickel, and the nickel 34 in the crystalline silicon film 33b of the lower layer is, 
as shown in FIG 3 (c) by an arrow 38, drawn to the upward direction. In doing so, the 
gettering effect is improved very much, and the a-Si film 37 functions as a stronger 
gettering sink. At this time, the nickel 34 is moved through the silicon oxide film 36 
of the thin film, and the silicon oxide film 36 having the film thickness as in the 

20 embodiment mode does not become the obstacle for such transfer. 

[0121] As a result, most of the nickel 34 in the crystalline silicon film 33b is moved to 
the a-Si film 37 which includes phosphorus and boron of the upper layer and the 
concentration of the a-Si film 37 is increased. In contrary, the concentration of nickel 
in the crystalline silicon film 33b of the lower layer is largely decreased, and a high 

25 quality crystalline silicon film 33c in which the concentration of nickel is low is 
obtained. In the above described heat treatment of 500°C for one hour, the 
concentration of nickel in the crystalline silicon film 33c and the concentration of nickel 
in the a-Si film 37 of the upper layer that is the gettering sink which includes 
phosphorus and boron are in the segregation state of the thermal equilibrium. In other 

30 words, it is the state wherein the transfer of the nickel 34 no longer occurs even if the 
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processing time is extended further more. 

[0122] In this state of the concentration of nickel in the actual crystalline silicon film 
33c was measured by SIMS, and it was reduced to approximately 4 x 10 16 atoms/cm 3 . 
Incidentally, the concentration of nickel, by the conventional method in which the heat 
5 treatment that does not crystallize the a-Si film 37 of the gettering sink is not performed 
as in the embodiment mode, is in the order of 2 x 10 17 atoms/cm 3 . In addition, the 
concentration of nickel in the crystalline silicon film 33b before this heat treatment is I 
x 10 18 atoms/cm 3 , the remaining nickel can be reduced to approximately 1/25 (1/5 of the 
conventional method). In addition, the nickel 34 remaining in the crystalline silicon 

10 film 33c at this stage is not in the silicide state, but exists in the solid solution state; 
therefore does not become a problem to the electrical characteristics of the TFT. 
[0123] Next, as mentioned above, the a-Si film 37 which includes phosphorus and 
boron that have higher concentration of nickel because the nickel 34 has been gettered 
is removed by an overall etching. In that case of the etching, silicon oxide and an 

15 etchant which has sufficient etching selectivity ratio are used in order for the silicon 
oxide film 36 of the lower layer to function sufficiently as the etching stopper. In the 
embodiment, a strong alkaline solution such as developing solution is used. And, after 
the a-Si film 37 is removed, the silicon oxide film 36 is removed by etching. As that 
case of etchant, 1:10 BHF which has a sufficient seiectiveness with the silicon film 33c 

20 of the lower layer is used, and a wet etching was performed. 

[0124] After that, as shown in FIG 3 (d), by using the crystalline silicon film 33c, the 
area other than what later become the active areas (element areas) 39n and 39p of the 
TFT to perform the separation between elements is removed. 

[0125] Next, as shown in FIG 4 (e), the silicon oxide film having a thickness of 20 nm 
25 to 1 50 nm (here 1 00 nm) is formed as a gate insulating film 40 covering the crystalline 
silicon films 39n and 39p which serve as the active areas. The formation of the silicon 
oxide film is performed by RF plasma CVD method to decompose and accumulate with 
oxygen at the substrate temperature of 150°C to 600°C (preferably 300°C to 450°C) 
with TEOS as a raw material. 
30 [0126] Subsequently, a high melting point metal is deposited by sputtering method, and 
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this is patterned to form gate electrodes 41n and 41p. As the high melting point metal 
at this time, tantalum (Ta) or tungsten (W) is desirable. In the embodiment mode, Ta 
to which a very small amount of nitrogen is added is used, and the thickness is set to 
300 nm to 600 nm (for example 450 nm). 
5 [0127] Next, by an ion doping method, with the gate electrodes 41n and 41p as the 
masks, the phosphorus 42 is implanted to the active areas 39n and 39p. Phosphine 
(PH 3 ) is used as doping gas, the acceleration voltage is 60 kV to 90 kV (for example 80 
kV), and a dose is 2 x 10 15 cm" 2 to 8 x 10 15 cm" 2 (for example 5 x 10 15 cm" 2 ). By this 
step, n-type impurity areas 43 n and 44n of the n-channel-type TFT are formed. In 

10 addition, an area 45n into which the impurity are not implanted for being masked by the 
gate electrode 4 In becomes the channel area of the n-channel-type TFT. On the other 
hand, source and drain areas 43n' and 44n' of the p-channel-TFT are, at this stage, 
n-type impurity areas as the result of being doped with phosphorus. 
[0128] Subsequently, as shown in FIG 4 (f), by a photolithography step, a mask 46 

15 which is for selective doping is formed of a photoresist over the n-channel-type TFT. 
In addition, in this state, using the gate electrode 41p as the mask, boron 47 is 
selectively implanted only to the p-channel-type TFT side. In that case, BjH* is used 
as a doping gas, the acceleration voltage is 40 kV to 80 kV (for example 65 kV), and a 
dose is 1 x l 16 cm -2 to 5 x 10 16 cm" 2 (for example 2 x 10 16 cm" 2 ) which is a high dose. 

20 By this step, in the areas 43n' and 44n' doped with the boron 47 of the p-channel-type 
TFT, phosphorus which is the n-type impurity and doped earlier is canceled, and a 
conductivity is reversed by the excessive boron 47 and p-type impurity areas 43 p and 
44p are formed, which is the so-called counter doping. In addition, the area 45p where 
the boron 47 is not implanted for the gate electrode 41 p masking later becomes the 

25 channel area of the p-channel-type TFT. In this manner, each of n-channel-type TFT 
and p-channel-type TFT is formed respectively. 

[0129] And, after removing the photo-resist 46 which is used as the mask for selective 
doping, for example, the heat treatment is performed in inert atmosphere such as 
nitrogen atmosphere. In the embodiment mode, in nitrogen atmosphere, the heat 
30 treatment is performed at a temperature of 600°C for 4 hours. By this heat treatment, 
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the activation of the source and drain areas 43a, 44n, 43p, and 44p. The sheet 
resistance of the n-type impurity areas 43n and 44n which are obtained in this manner is 
0.4kQ/0 to 0.8kQ/D, and the sheet resistance of the p-type impurity 43p and 44p which 
are obtained in this mariner is lk£MD to 2kQ/Q In addition, a baking treatment of the 
5 gate insulating film 40 is performed at the same time, and the bulk characteristic of the 
gate insulating film itself and the interface characteristic of the crystalline silicon 
film/gate insulating film are achieved. 

[0130] Moreover, by the heat treatment step, phosphorus doped in the source and drain 
areas 43n, 44n, 43 p, 44p moves the nickel 34 remaining in the channel areas 45n and 

10 45p to the adjacent source anddrain areas 43n, 44n, 43p, and 44p. In other words, 
gettering focusing on the channel areas 45n and 45p can be added again, and together 
with the former gettering, complete gettering with two steps can be performed. In 
addition, the sbove described heat treatment step can by performed by a rapid thermal 
anneal treatment. In that case, as to the activation of the source and drain area and the 

15 gettering effect of the channel area, better results can be obtained. 

[0131] Subconsequently, as shown in FIG 4 (g), a silicon oxide film having a thickness 
of about 90 nm is formed as an interlayer insulating film 48 by the plasma CVD method, 
in which contact holes are formed, and an electrode and wiring 49 of the TFT is formed 
with metal materials (for example, two-layer film of titanium nitride and aluminum). 

20 And finally, under the nitrogen atmosphere of one atmospheric pressure, annealing is 
performed at 350°C for one hour, and an n-channel-type TFT 50 and a p-channel-type 
TFT 51 are completed. In addition, if necessary, a contact hole is provided over the 
gate electrode 4nand 4 lp of the TFT 50 and 5 1 with out problem. Moreover, in order 
to protect the TFTs 50 and 5 1 , a protective film that is formed of the silicon nitride and 

25 the like is provided over the TFTs 50 and 5 1 . 

[0132] The CMOS structure TFT which is manufactured according to the embodiment 
mode shows very favorable characteristics, in which electric field effect mobility of 
each TFT is high: approximately 200 cm 2 /Vs to 250 cmVVs for the n-type TFT 50 and 
100 cmVVs to 130 cm 2 /Vs for the P-type TFT 51, and the threshold voltage is 

30 approximately 1 .5 V for the n-type TFT 50 and approximately -2 V for the p-type TFT 
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51. In addition, there is absolutely no abnormal increase of the leak current at the off 
operation of the TFT that is often seen in the conventional TFT which is manufactured 
using the catalytic element, and a very low leak current value equal to or less than 1 pA 
per unit W, is stably shown. This value of the leak current is not inferior at all to the 
5 conventional TFT manufactured without the catalytic element, and the manufacturing 
yield can be largely improved. 

[0133] In addition, reliability is very high compared to the conventional TFT, since the 
characteristics deterioration of the TFT is hardly seen even after a repetitive 
measurement, and a durability test by thermal stress and bias. 

10 [0134] As mentioned above, in the embodiment mode, the a-Si film 33 is formed over 
the glass substrate 31, and nickel of about 5 x 10 12 atoms/cm 2 is added over the surface 
of the a-Si film 33. In addition, under inert atmosphere, the crystallization of the a-Si 
film 33 is performed by the heat treatment at 520°C to 570°C for 2 hours to 8 hours, and 
the crystalline silicon film 33a in which very small amorphous silicon area is mixed is 

15 obtained. 

[0135] Subsequently, irradiating the remaining amorphous area with the laser light 35 
preferentially and crystallize the entire film to change it to the crystalline silicon film 
33b. In addition, the a-Si film 37 which includes phosphorus and boron is formed, and 
a heat treatment under inert atmosphere at a temperature of 450°C to 550°C for 5 

20 minutes to 4 hours is performed at a rate of temperature increase and decrease of equal 
to or more than 5°C/minute. By this heat treatment, the crystal nucleation does not 
occur in the a-Si film 37 which includes phosphorus and boron and is kept in a 
non-crystallized state (amorphous state). Therefore, the gettering effect can be 
obtained to the maximum extent. 

25 [0136] By such heat treatment, the a-Si film 37 which includes phosphorus and boron is 
not crystallized at all, and their defects become the segregation trap for nickel, and the 
nickel 34 in the crystalline silicon film 33b of the lower layer is drawn to the upward 
direction, in so doing, the a-Si film 37 which includes phosphorus and boron, with the 
addition of the gettering effect of nickel by phosphorus as well, functions as a stronger 

30 gettering sink. 
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[0137] In other words, in the embodiment, in the same manner as the embodiment mode 
1, the remaining nickel concentration can be reduced to the 1/5 of the conventional 
method which does not crystallize the gettering sink and does not perform the heat 
treatment. 

5 [0138] In addition, after the TFT 50 and 5 1 are formed using the crystalline silicon film 
33c after the gettering is performed, under inert atmosphere, the heat treatment of 600°C 
for 4 hours is performed. As thus, the gettering is performed once again to the nickel 
34 remaining in the channel areas 45n and 45p, and together with the former gettering, a 
complete gettering with two steps can be performed. 

10 [0 1 39] Embodiment Mode 3> In this embodiment mode, a case in which this invention 
is applied to a process of forming an n-type TFT over a glass substrate is explained. 
TFT in the embodiment mode, in a similar manner with the first embodiment, can not 
only be utilized for a driver circuit and the pixel part of the active matrix type liquid 
crystal display device, but can be utilized for an element forming a thin film integrated 

15 circuit. 

[0140] FIG 5 and FIG 6 are cross sectional views showing the abstracts of a 
manufacturing process of this TFT in the embodiment mode, and the manufacturing 
process of the TFT proceeds accordingly with the order of FIG. 5 (a) to FIG 6 (g). 
First, as shown in FIG 5 (a), over a glass substrate 61, a base film formed of a silicon 
20 oxide 62 having a film thickness of 300 nra to 500 nm is formed for example, by the 
plasma CVD method. Next, a genuine (I-type) amorphous silicon film (a-Si film) 63 
having a film thickness of 20 nm to 80 nm (for example 40 nm) is formed by the plasma 
CVD method. 

[0141] Next, a very small amount of addition of a nickel 64 is performed over the 
25 surface of the a-Si film 63. This addition of the very small amount of the nickel 64 is 
performed as such that a solution in which the nickel 4 is dissolved is held over the Si 
film 63, and the solution is spread evenly by a spinner and is dried. In the embodiment 
mode, nickel acetate is used for a solute, and water is used for a solvent, and the 
concentration of the nickel is set to 10 ppm. When the concentration of nickel 64 
30 which is added over the surface of the a-Si film is measured by TRXRF method, it was 
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about 7 x 10 l2 atoms/cm 2 . 

[0142] Moreover, for example, this is heat-treated under an inert atmosphere such as 
nitrogen atmosphere. In this heat treatment, annealing is performed at the heating 
temperature of 520°C to 570°C for 2 hours to 8 hours, for example, the annealing 
5 treatment is performed at 550°C for 4 hours. By this heat treatment, the a-Si film 63 is 
crystallized by the nickel 64 which is added to the surface of the a-Si film 63, and as 
shown in FIG 5 (b), becomes a crystalline silicon film 63 a. 

[0143] Next, as shown in FIG 5 (b), by irradiating with laser light 65, the crystalline 
silicon film 63a is recrystallized and is improved its crystailinity. For the laser light 65 

10 of this case, XeCl excimer laser (wavelength 308 nm, pulse width 40 nsec) was used. 
An irradiation condition of the laser light 65 is that a semiconductor layered product is 
heated to 200°C to 450°C (for example, 400°C) at the time of irradiation, and it was 
irradiated at the energy density of 250 mJ/cm 2 to 450 mJ/cm 2 (for example, 350 mJ/cm 2 ). 
In this way, the crystalline silicon film 63a which is obtained by the solid-phase 

15 crystallization becomes a crystalline silicon film 63b of higher quality, because the 
crystal defect is reduced by a melting and solidification process by the laser irradiation. 
[0144] Next, as shown in FIG 5 (c), by performing a thin film oxidation over the 
surface of the crystalline silicon film 63b, a silicon oxide film 66 which becomes an 
etching stopper is formed. The formation of the silicon oxide film 66 is performed by 

20 holding ozone water on the surface of the crystalline silicon film 63b. The film 
thickness of the silicon oxide film 66 was measured by spectro-ellipsometry and was 
about 30 A. 

[0145] Next, as to cover the silicon oxide film 66, a non-doped (intrinsic) a-Si film 67 is 
formed by a plasma CVD method. Moreover, to this a-Si film 67, Ar 68 is added by an 
25 ion doping method. In that case, Ar of 100% is used as doping gas, the acceleration 
voltage is for example 30 kV, and the dosed amount is 1E15 cm" 2 to 1E16 cm -2 , for 
example 3E15 cm -2 . 

[0146] And, in this state, for example, in an inert atmosphere such as nickel atmosphere, 
heat treatment is performed. In this case, treatment temperature and treatment time 
30 are: 450°C to 550°C for 5 minutes to 4 hours, more preferably 480°C to 520°C for 10 
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minutes to 2 hours. Also, the rate of the temperature increase to and the rate of the 
temperature decrease from the processing temperature are preferably performed at least 
equal to or more than 5°C/minute. In this embodiment mode, the process with the 
heating temperature of 500°C for one hour was performed. In so doing, the 
5 temperature is increased to 500°C in 30 minutes (the rate of the temperature increase of 
10°C/minute) from the state in which the substrate is pre-heated at 200°C, and after the 
treatment, the temperature is decreased from 500°C to 200°C in 30 minutes in the same 
manner. 

[0147] In the embodiment mode, the non-annealed Coming Code 1737 glass substrate 
10 having the thickness of 0 .7 mmt with 320 mm x 400 mm was used for the glass 
substrate 61, and distortion, bending, crack, and the like of course did not occur from 
this heat treatment. Moreover, even in the case of a meter-sized large substrate, it is 
verified that the heat treatment such as in the embodiment mode can be used without 
problem. In the case of the embodiment mode, in the same manner as the first and the 
15 second embodiment mode, the heat treatment processing unit is performed by using the 
furnace. 

[0148] By this heat treatment, the a-Si film 67 is not crystallized at all, and its defect 
becomes the segregation trap toward nickel, and the nickel 64 in the crystalline silicon 
film 63b of the lower layer is, as shown in FIG. 5 (d) by an arrow 69, drawn to the 

20 upward direction. In doing so, in the a-Si film 67, the Ar 68 which is doped causes a 
larger distortion among the lattice, and the gettering effect is improved very much, and 
functions as a stronger gettering sink. At this time, the nickel 64 is moved through the 
silicon oxide film 66 of the thin film, however the silicon oxide film 66 having the film 
thickness as in this embodiment mode does not become the obstacle for such transfer. 

25 [0149] As a result, most of the nickel 64 in the crystalline silicon film 63b is moved to 
the a-Si film 67 of the upper layer and the concentration of the film 67 is increased. In 
conversely, the concentration of the nickel in the silicon film 63b of the lower layer is 
largely decreased, and a high quality crystalline silicon film 63c in which the 
concentration of nickel is low is obtained. In the heat treatment at 500°C for one hour, 

30 the concentration of nickel in the crystalline silicon film 63c and the concentration of 
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nickel in the a-Si film 67 of the upper layer that is the gettering sink are in thermal 
equilibrium state in the segregation state. In other words, the state wherein the transfer 
of the nickel 64 no longer occurs even the processing time is extended further more. 
In this state of the concentration of nickel in the actual crystalline silicon film 63c was 
5 measured by SIMS, and it was reduced to about 5 x 10 16 atoms/cm 3 . 

[0150] Next, as mentioned above, the a-Si film 67, which has higher concentration of 
nickel because the nickel 64 is gettered is removed by an overall etching. In that case 
of the etching, the etchant which has sufficient etching selectivity ratio with respect to a 
silicon oxide film are used in order for the silicon oxide film 66 of the lower layer to 

10 function sufficiently as the etching stopper. In the embodiment, a strong alkaline 
solution such as developing solution is used. And, after the a-Si film 67 is removed, 
the silicon oxide film 66 is removed by etching. As etchant of this case, 1 : 100 BHF 
which has the sufficient selectiveness with the silicon film 63c of the lower layer is used, 
and the wet etching was performed. 

15 [0151] After that, the unnecessary portion of the crystalline silicon film 63c is removed 
to perform the separation between elements. In other words, by this process, as shown 
in FIG 6 (e), an island shape crystalline silicon film 70 which later becomes an active 
area of a TFT (source anddrain area; and channel area) is formed. 
[0152] Next, as shown in FIG 6 (f), a gate insulating film 71 covering the crystalline 

20 silicon film 10 which becomes the active area is formed, and an aluminum film that is 
formed is patterned to form a gate electrode 72. In addition, this electrode of 
aluminum is anodized to form an oxide layer 73 over the surface. Next, by an ion 
doping method, with the gate electrode 72 and the oxide layer 73 as the mask, the 
impurities is implanted to the active area, and areas 74 and 75 which later become a 

25 source and drain area of the TFT are formed. In addition, an area 76 in which the 
impurities is not implanted later becomes a channel area of the TFT. After that, 
irradiation of a laser light 77 is performed for the annealing to be performed, and the 
activation of the impurity in which ion is implanted and improvement of crystaliinity 
which is deteriorated by the impurities introduction step isperformed. 

30 [01 53] Continuously, as shown in FIG 6 (g), an interlayer insulating film 78 is formed, 
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and a contact hole is formed to this interlayer insulating film, and a source electrode and 
wiring 79 of the TFT and a drain electrode and wiring 80 is formed. And finally, under 
a nitrogen atmosphere of one atmospheric pressure, annealing is performed at 350°C for 
one hour, and an n-channel-type TFT 81 that is shown in FIG 6 (g) is completed. 
5 [0154] As mentioned above, in this embodiment mode, the a-Si film 63 is formed over 
the glass substrate 61, and the nickel 64 is added over the surface of the a-Si film 63 
about 7 x 10 12 atoms/cm 2 . And, under inert atmosphere, the crystallization of the a-Si 
film 63 is performed by the heat treatment at 520°C to 570°C for 2 hours to 8 hours, and 
the crystalline silicon film 63a in which very small amorphous silicon area is mixed is 
10 obtained. 

[0155] Subsequently, an irradiation of the laser light 65 is performed to reduce the 
crystal defect by melting and solidifying the crystalline silicon film 63a obtained by 
solid-phase crystallization, and the crystalline silicon film 63b of higher quality is made. 
In addition, a non-doped a-Si film 67 is formed and is doped with Ar 68, and the heat 

15 treatment is performed under an inert atmosphere at a temperature of 450°C to 550°C 
for 5 minutes to 4 hours at the rate of temperature increase and decrease of equal to or 
more than 5°C/minute. By this heat treatment, the second amorphous silicon film 67 
which becomes the gettering sink is not crystallized at all, and its defect becomes the 
segregation trap toward nickel, and the nickel 64 in the crystalline silicon film 63b of 

20 the lower layer is pulled out to the upward direction. In doing so, in the a-Si film 67, 
the Ar 68 which is doped causes the larger distortion among lattices, and functions as 
the stronger gettering sink. 

[0156] Therefore, according to this embodiment mode, most of the nickel 64 in the 
crystalline silicon film 63b is moved to the a-Si film 67 of the upper layer, and the 
25 crystalline silicon film 63c of higher quality with a low concentration of nickel is 
obtained. In other words, the remaining nickel concentration can be reduced to the 1/4 
of the conventional method in which the heat treatment that does not crystallize the 
gettering sink is not performed. 

[0157] Characteristic parts of the each embodiment mode are summarized in the 
30 following. In other words, in the each embodiment mode; the catalytic element (nickel 
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4, 34, and 64) is added to the first a-Si films 3, 33, and 63 which is formed over the 
insulating substrate (glass substrates 1, 31, and 61), and after crystal growth by the first 
heat treatment, the second a-Si films 7, 8, 37, and 67 are formed over the crystalline 
silicon films 3b, 33b, and 63b, and the catalytic element in the crystalline silicon films 
5 3b, 33b, and 63b is moved to the second a-Si films 7, 8, 37, and 67. 

[0158] A large point in the each embodiment mode is that the second heat treatment in 
that case is performed while in the state that the second a-Si films 7, 8, 37 and 67 are 
not completely crystallized. In addition, after the second a-Si films 7, 8, 37 and 67 are 
removed, the active area of the semiconductor device is formed by using the crystalline 

10 silicon films 3c, 33c, and 63c of the lower layer. By doing so, compared to the 
conventional method in which the heat treatment is not performed when the second 
amorphous silicon film is not crystallized, the remaining catalytic element in the active 
area can be largely reduced. Thus, compared to the conventional method, high 
reliability is obtained, because an abnormality of leak current at off operation disappears. 

15 As a result, compared to the conventional method, the high quality semiconductor 
device having higher current drive ability, and the abnormality of leak current at off 
operation is not seen, and high reliability can be maintained at the same time. 
[0159] A mechanism, in which a heat treatment while in a state the second amorphous 
silicon film is not crystallized, is performed to move the catalytic element is explained. 

20 One of the mechanisms that move the catalytic element to some area (in other words, 
gettering) is; the method (the first gettering effect) that the solid solubility to the 
catalytic element in the area is set higher than the other areas, and the catalytic element 
is moved to the area. In addition, other than that, there is the method (the second 
gettering effect) in which a defect or a local segregation site trapping the catalytic 

25 element in the area is formed, and the catalytic element is moved to the area to be 
trapped. 

[0160] In the each embodiment mode, the second a-Si films 7, 8, 37, and 67 which 
function as the gettering sink are heat treated in the state they are not crystallized in 
order to draw an advantage of the latter (the second gettering effect). In other words, 
30 the defect such as dangling bond in the second a-Si films 7, 8, 37, and 67 becomes the 
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segregation site to the nickel 4, 34, and 64, and the nickel 4, 34, and 64 are moved from 
the crystalline silicon films 3b, 33b, and 63b and trapped in the second a-Si films 7, 8, 
37, and 67 of the upper layer. As a result, the concentration of the catalytic element in 
the crystalline silicon films 3c, 33c, and 63c of the lower layer that are used as the 
5 active area of the semiconductor device is largely reduced, and the abnormality of the 
leak current of the semiconductor at off operation disappears and the high reliability can 
be obtained. 

[0161] As for the second heat treatment, the minimum extent of the second gettering 
effect can be drawn by conducting the heat treatment when the second a-Si films 7, 8, 

10 37, and 67 are at least not completely crystallized. However, more preferably, while 
processing this heat treatment, it is desirable to perform the second heat treatment in the 
state when the crystal nucleation does not occur at all in the second a-Si films 7, 8, 37, 
and 67 which are the gettering sink. By dong so, in the entire gettering process of 
moving the nickel 4, 34, and 64 in the crystalline silicon films 3b, 33b, and 63b to the 

15 second a-Si films 7, 8, 37, and 67, the maximum gettering segregation site can be 
maintained, and the second gettering effect can be obtained to the maximum extent. In 
other words, in the each embodiment, this state is the state in which the highest 
gettering effect is obtained. 

[0162] Moreover, in order to improve the gettering effect of the catalytic element, as in 
20 the embodiment modes 1 and 2, it is very effective that phosphorus which is the element 
chosen from group 5B is included in the second a-Si films 8, and 37. By doing so, the 
solid solubility of the catalytic element in the second a-Si films 8 and 37 is dramatically 
improved, and the transfer of the catalytic element (in other words, the first gettering 
effect) due to the difference in the solid solubility is also conducted at the same time. 
25 In other words, both the two mechanisms and the effects of the gettering of the catalytic 
element can be obtained at the same time, and the concentration of the catalytic element 
within the film of the crystalline silicon films 3c, 33c, and 63c which become the active 
area of the lower layer can be largely reduced. 

[0163] This gettering method using the element of group 5B is disclosed in the 
30 Published Patent Application No. H10-223534, the Published Patent Application No. 
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HI 0-229048, and the Published Patent Application No. HI 1-31660. However, all 
these are by the use of the difference of the solid solubility (the first gettering effect to 
move the catalytic element) to the catalytic element in the added area and non-added 
area due to the introduction of the element of group 5B. On the other hand, the main 
5 driving force for the gettering in the embodiment modes 1 and 2 is the second gettering 
effect using the local segregation site of the defect and the like in the second a-Si films 
7, 8, and 37. Moreover, the second getttering effect by the introduction of the element 
of group 5B to the second a-Si films 8 and 37 is subsidiary, and by a accumulative 
synergetic effect by combining the first gettering effect and the second gettering effect, 
10 the gettering efficiency is largely improved compared to the conventional method 
disclosed in the each published patent application. 

[0164] The crystalline silicon films 3c, 33c, and 63c obtained as described above 
mentioned, do not show an etch pit which is seen in a conventional method, although an 
evaluating method in which by performing a light etching treatment by a hydrofluoric 

15 acid based etchant, the remaining catalytic element is made evidential, that is used to 
confirm the remaining of the catalytic element simply. In addition, as a severer 
evaluation, even if an evaluation method in which even heat treatment at higher 
temperature is performed to re-aggregate the remaining catalytic element in the element 
area to make it silicide is conducted, re-aggregation of the catalytic element which is 

20 seen in the Published Patent Application No. H 11 -3 1660, the Published Patent 
Application No. H10-223534, and the Published Patent Application No. H10-229048 
was not found at all. 

(0165] In addition, when the TFT is actually manufactured using the crystalline silicon 
films 3c, 33c, and 63c obtained by the each embodiment mode, a phenomenon of the 

25 abnormal increase of the leak current at off operation seen with equal to or more than 
3% of probability when the TFT is manufactured in the same manner by the each 
published patent application and the related art is not seen at all, and is truly 0%. 
Moreover, in the liquid crystal display device using the TFT manufactured above, a 
linear display spot (caused by a sampling TFT of the driver portion) which frequently 

30 occurred in the liquid crystal display device using the TFT by the conventional method 
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and pixel defect due to the leak current at off operation are none, and the display quality 
can be largely improved and the yield can be dramatically improved. 
[0166] The each embodiment is; in the same manner as the Published Patent 
Application No. HI 1-3 1660, to move and getter the catalytic element to the other a-Si 
5 films 7, 8, 37, and 67 formed over the crystalline silicon films 3b, 33b, and 63b to the 
longitudinal direction (direction of the film thickness); however the point is completely 
different from mentioned above. In other words, in the each embodiment, the 
amorphous silicon film is used as the gettering sink, and the second gettering effect is 
caused by using the heat treatment in the state it is not crystallized, and the gettering 

10 becomes possible without the silicon film of the upper layer which becomes the 
gettering sink including the element of group 5B such as phosphorus. In addition, this 
kind of gettering to the direction of the film thickness needs a short movement distance 
compared to the general gettering to the horizontal direction as the Published Patent 
Application No. H10-223534 and the Published Patent Application No. H10-229048, 

15 since its gettering distance (the distance which the catalytic element shall move) is only 
the film thickness. This means that the gettering is possible at a low temperature or for 
a short time, and it is very convenient to draw the second gettering effect in which the 
heat treatment is performed while the amorphous state is maintained. In the annealing 
process for a long time or at a high temperature, problems such as warpage and bending 

20 occur when an inexpensive substrate is used. 

[0167] By the way, in the each embodiment mode, as mentioned above, the second heat 
treatment for the gettering is the point, and the heat treatment is necessary to be 
performed when the second a-Si films 7, 8, 37, and 67 which become the gettering sink 
are at least not completely crystallized, more preferably, when the crystalline nucleus 

25 generation does not occur at all. To do so, it is advantageous to lower the treatment 
tempetature of the second heat treatment and shorten the time, but there is lower limit. 
Although the treatment temperature and time for moving the nickel 4, 34, and 64 in the 
crystalline silicon films 3b, 33b, and 63b to the a-Si films 7, 8, 37, and 67 are at least 
needed to the minimum extent; the most desirable is that it is done at the heating 

30 temperature and for the heating time with which the concentration of nickel in the 
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crystalline silicon films 3b, 33b, and 63b and the second a-Si films 7, 8, 37, and 67 
become at least in the thermal equilibrium state and in the segregation state. In this 
state, the gettering effect is saturated, and the highest and the most stable gettering 
effect is obtained. In other words, before this state, it is a half-finished transfer state 
5 and is unstable as the process. 

[0168] From the above mentioned purpose, performance with the heating temperature in 
the range of 450°C to 550°C and the treatment time of 5 minutes to 4 hours is desirable 
for the actual processing condition of the second heat treatment. In FIG 7, the relation 
(an experiment result) between the heating temperature and the gettering time in the 

10 second heat treatment is shown. A horizontal axis is the heating temperature for the 
gettering. In addition, a vertical axis is the time needed for gettering (to be in the 
thermal equilibrium state in the segregation state) the distance of 100 run in the 
crystalline silicon film to which nickel is added as the catalytic element. In the method 
for gettering in the direction of the film thickness, the gettering distance is needed only 

15 for a distance as very short distance as the distance of the film thickness. Therefore, 
the gettering distance of 100 nm is a sufficient distance. From FIG 7, the gettering is 
finished and is saturated at 550°C for about 5 minutes, at 500°C for about 30 minutes, 
and at 450°C for 240 minutes. On simulation, the calculation result in which the 
gettering can be performed in shorter time was obtained; however in fact it is estimated 

20 that the transfer equal to or less than the solid solubility is performed, and it is 
conceivable that for that the treatment time is prolonged. 

[0169] In addition, in the experiment, an oxide thin film of a native oxide film level 
exists between the crystalline silicon film of the lower layer and the second amorphous 
silicon film, and possibly obstructs the transfer of nickel slightly. 

25 [0170] In the experiment result of FIG 7, the amorphous silicon film to which 
phosphorus is added as the element of group 5B is used, and by using the second heat 
treatment such as described above, the second gettering effect comes to be obtained, and 
the even the non-doped amorphous silicon film comes to function as the second 
amorphous silicon film. From the above reasons, the treatment condition for the 

30 second heat treatment is preferable with the heating temperature in the range of 450°C 
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to 550°C and the processing time of 5 minutes to 4 hours. 

[0171] According to FIG. 7, with the heating temperature of 600°C the gettering can be 
done in 1 minute, but there is a possibility that the second amorphous silicon film is 
crystallized. Moreover, at equal to or less than 550°C, the second amorphous silicon 
5 film is hardly crystallized, and the second gettering effect can be obtained, because the 
second gettering effect disappears when the second amorphous silicon film is 
completely crystallized. Also, the treatment time becomes very long when the heating 
temperature is equal to or less than 450°C, and due to the aggravation of the though-put 
and increase in number and footprint of the device, it is difficult to adopt as a mass 

10 production process. 

[0172] More desirably, as the second heat treatment, it is good to be performed 
especially in the range of the heating temperature from 480°C to 520°C for 10 minutes 
to 2 hours of processing time. As an object of the semiconductor device by the each 
embodiment mode, there is an active matrix substrate for a liquid crystal display. In 

15 addition, that motherboard (glass substrate) has a tendency to become large-sized for 
achieving low cost. In addition, with the addition of tendency of reduction in 
thickness for making the liquid crystal display device more compact and lighter weight, 
it is very hard for that substrate to be heat treated. In fact, when generally used glass 
substrate of Corning cord 1737 is used, in the case of 600 mm x 720 mm and the 

20 thickness of 0.7 mmt, it is known by the experiment that the heat treatment with the 
heating temperature at 500°C for one to 2 hours is the approximate limit. The biggest 
problem when using the above mentioned glass substrate is bending caused by the 
weight. 

[0173] In the each embodiment mode, since the catalytic element is gettered to the 
25 direction of the film thickness, the gettering distance is needed only for a distance as 
very short as the thickness of the film, and the heating temperature of the second heat 
treatment can be lowered and also the time can be shortened, it is a very matching 
method for this kind of a large glass substrate. In consideration of a point like this, it 
can be said that an optimum condition for performing the second heat treatment is; the 
30 above mentioned heating temperature is in the range from 480°C to 520°C and the 
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processing time of 10 minutes to 2 hours. With this kind of processing condition, a 
process of sufficiently high mass productivity can be achieved, and a correspondence to 
upsizing and reduction in thickness of the glass substrate is possible. In addition, 
within this heating temperature and processing time, the crystal nucleation does not 
5 occur in the second amorphous silicon film, and it is not crystallized at all. Therefore, 
the maximum effect of the each embodiment mode can be obtained to the maximum. 
[0174] Incidentally, it is desirable that the rate of the temperature increase and decrease 
to and from the heating temperature of the substrate in the second heat treatment are 
both at least more than 5°C/minute. When this rate of temperature increase and 

10 decrease is slow, an unintended excessive heat treatment comes to be added, and there is 
a possibility that the crystallization is triggered in the course of the temperature increase 
and the temperature decrease as well as the thermal damage to the glass substrate 
increrases. According to the experiment, it is known that when the second heat 
treatment is performed at the rate of temperature increase and the temperature decrease 

15 of equal to or more than 5°C/minute, the above mentioned effect is not lost, and there is 
also no generation of a particular problem. 

(0175] As the other reason for performing the second heat treatment in the condition 
where the second a-Si films 7, 8, 37, and 67 are not completely crystallized, there is a 
problem in the process of removing the second a-Si films 7, 8, 37, and 67. In other 

20 words, in the process of removing the a-Si films 7, 8, 37 and 67, by using the alkali 
solution, a large etching selectivity ratio to the silicon oxide films 6, 36, and 66 of lower 
layer which become the etching stopper is obtained. As the alkali solution of that case, 
inorganic alkali liquid such as TMAH (tetramethylammonium hydroxide) is used. 
[0176] However, as shown in FIG 8, in this kind of etching of the silicon film by the 

25 alkali solution, when the silicon film is crystallized, linearity between the time and the 
amount of etching disappears, and the etching rate extremely drops and residual 
becomes very easy to remain. Moreover, if this kind of residual occurs, eventually the 
residual comes to exist in the interface of the channel of the TFT; therefore normal TFT 
characteristic is not shown and the TFT becomes defective. Therefore, by performing 

30 the second heat treatment in the condition that the second a-Si films 7, 8, 37, and 67 are 
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not crystallized at all, the etching removal in the following process becomes easy to be 
performed, and the defectiveness with the removal process of the second a-Si films 7, 8, 
37, 67 can be largely reduced. 

[0177] More suitably, it is desirable to perform the second heat treatment in the 
5 condition where the second a-Si films 7, 8, 37, and 67 are not crystallized at all. As 
mentioned above, since the etching rate in the crystallized area is slower than the 
amorphous area, if the crystallized area and the amorphous area are mixed, as shown in 
FIG 9, the crystallized silicon area tends to remain as the etching residual. Therefore, 
by performing the second heat treatment in the condition where the crystallization of the 

10 a-Si films 7, 8, 37, and 67 does not happen at all, the difference of the etching rate 
caused by the difference of crystaliinity at the etching of the a-Si films 7, 8, 37, and 67 
and the problem of etching residual with it can be perfectly solved. Therefore, the TFT 
defect caused by the above mentioned etching error completely disappears. In addition, 
FIG 9 (a) is a schematic block diagram of the surface of the second a-Si films 7, 8, 37, 

15 and 67 of before the etching and during the etching, and FIG 9 (b) is a cross-sectional 
schematic block diagram. 

[0178] In order to achieve the purpose of this invention, the structure of the 
manufacturing device for performing the second heat treatment is also an important 
point. In the each embodiment, the process of the second heat treatment, as mentioned 

20 above, is desirably performed by using a furnace in which a substrate is placed such that 
in a furnace core tube having a cross-sectional shape approximately similar to a plane 
shape of the substrate so that the substrate surface faces to the furnace core tube and at 
the same time a space between the furnace core tube and the substrate is the minimum. 
This kind of the summarized concept of the apparatus structure is shown in FIG 10 and 

25 FIG 11. 

[0179] In FIG 10, plural pieces of the substrate 92 are set to the quartz boat 93. This 
boat 93 enters inside the quartz tube (furnace core tube) 91 and the heat treatment is 
performed. The quartz boat 93 is at the home position 95 at the setting of the substrate 
92. In this home position 95, the preheating is performed at approximately 200°C. In 
30 addition, as shown by the arrow (A), as the boat 93 charged with the substrate 92 enters 
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the tube 91, the temperature increase is started, and when the entire body of the boat 93 
enters inside an anneal zone 96 the heat treatment is started. The temperature decrease, 
in conversely, is conducted by taking the boat 93 down to the home position 95 that is 
the preheating zone. 

5 [0180] Here, the point is as shown in FIG 1 1 (a), the cross sectional shape of the quartz 
tube 91 is the approximate similar shape of the rectangular shape which is one size 
larger than the outer shape of the substrate 92. The glass substrate which becomes the 
motherboard of the active matrix substrate and the like for the liquid crystal display is 
different from silicon wafers such as ICs and is not circular but is all rectangular shaped. 

10 Conventionally, this kind of the quartz tube of the furnace, as shown in FIG. 11 (b), is 
customarily rectangular shaped. As the substrate 92 of the rectangular shape is set in 
this quartz tube 97, a large gap 98 is made between the substrate 92 and the tube 97, 
when cross sectionally seen. On the other hand, as shown in FIG 1 1 (a), if the quartz 
tube 91 having approximate similar shape of the cross section with the substrate 92 is 

15 used, its gap 99 can be made small. In the each embodiment, the gap 99 between this 
tube 91 and the substrate 92 comes to be a big point. 

[0181] In the each embodiment, it is necessary for the second heat treatment to be 
performed rapidly with the fast rate of temperature increase and rate of temperature 
decrease. However, in the conventional furnace, it is extremely difficult for the above 

20 mentioned fast rate of temperature increase and decrease to be actually realized in the 
case of a large sized glass substrate particularly such as the size of 600 mm x 720 mm. 
In addition, as a big problem, the temperature distribution in the substrate at the time of 
temperature increase and decrease becomes very large, concretely; there is the 
temperature distribution exceeding 200°C between the peripheral portion and the central 

25 portion of the substrate, and bending and crack by that affect frequently happened. 

[01 82] The inventors, in order to solve this problem, discovered that the gap 99 between 
the tube 91 and the substrate 92 and a substrate pitch 94 when the substrate 92 is set in 
plural pieces are big parameters. In other words, the point of solution to increasing the 
rate of temperature increase and decrease and to improving the temperature distribution 

30 in the substrate simultaneously is that how much ambient gas such as nitrogen can be 
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provided between the substrates 92. In FIG II (c), the flow of the ambient gas at the 
time of the second heat treatment is shown. An ambient gas 100 which is provided 
from the upper portion of the tube 91 goes through the gap 99 between the tube 91 and 
the substrate 92 and flows downward as shown by the arrow 101, and at the same time 
5 flows between the substrate 92 as shown by an arrow 102. The flow 102 of this 
ambient gas 100, in other words, by the increase in the supply of the ambient gas 100, 
the rate of temperature increase and decrease can be increased, and at the same time the 
temperature distribution in the substrate 92 of that case can be approximately stabilized. 
The supply of this ambient gas in the direction of the arrow 102 is proportional to a rate 

10 of flow of the ambient gas 1 00 which flows between the substrate 92 and the tube 9 1 to 
the direction of the arrow 101, and is proportional to the square of the substrate pitch 94. 
In order to increase the rate of flow to the direction of the arrow 101, only increasing 
the supply of gas is not sufficient, and it is very effective to set the gap 99 between the 
tube 91 and the substrate 92 to be 10 mm to 80 mm. For that purpose, using the 

15 furnace core tube (quartz tube) 91 which has the outline similar shape of the rectangular 
cross section is very effective. 

[0183] The reason is that when the gap 99 is equal to or less than 10 mm, a necessary 
loading clearance between the boat 93 and the tube 91 can not be taken. In addition, 
since the maximum gap when the glass substrate which is 400 mm x 400 mm of the 

20 minimum size that is supposed as the motherboard is justly fit in the circular tube is 80 
mm, when it is equal to or more than 80 mm, there is no significance of using the quartz 
tube which has the approximate similar shape of the rectangular cross section, and the 
intended effect can not be obtained. In addition, by setting the gap 99 to 10 mm to 80 
mm, collectively with the optimization of the substrate pitch, the fast rate of temperature 

25 increase and decrease which is needed in the second heat treatment can be realized, and 
at the same time the temperature distribution in the substrate 92 in that case can be 
approximately stabilized; therefore the stable performance without bending or cracking 
can be realized to even the large glass substrate of meter size. 

[0184] This could not be achieved at all by using the conventional circular tube shown 
30 in FIG. 1 1 (b). Moreover, by connecting the heating devices of chamber structure in a 
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cluster shape as shown in FIG 10 and FIG 11 and performing a simultaneous 
processing, in other words, by achieving the multi-chamber, a manufacturing device 
which has a very high processing ability can be achieved by small foot print. In other 
words, as the heat treatment device of the second heat treatment, in consideration of 
5 including the mass production it becomes an optimized device. 

[0185] In the each embodiment, the driving force for the gettering is mainly the second 
gettering effect which utilizes the local segregation site of the defect and the like in the 
second a-Si films 7, 8, 37, and 67. Therefore, in the each embodiment, even if the 
second a-Si films 7, 8, 37, and 67 which become the gettering sink do not include the 

10 impurities unlike the Published Patent Application No. H10-223534, the Published 
Patent Application No. H10-229048, and the Published Patent Application No. 
Hll-3 1660, the gettering is possible. However, in order to improve the gettering effect 
of the catalytic element, as in the case of the embodiment modes 1 and 2, it is effective 
for the element selected from the group 5B to be further included in a-Si films 8 and 37. 

15 By doing so, the solid solubility of the catalytic element in the second a-Si films 8 and 
37 can be drastically improved, and the transfer (in other words, the first gettering 
effect) of the catalytic element by the difference of the solid solubility comes to be 
performed at the same time. Therefore, both two mechanisms and effects of the 
gettering of the catalytic element can be obtained simultaneously, and the concentration 

20 within the film of the catalytic element in the crystalline silicon films 3b and 33b which 
serve as an active area of the lower layer can be largely reduced. In other words, by 
the accumulative synergetic effect which is the combination of the first gettering effect 
and the second gettering effect, the gettering effect can be largely improved compared 
to the conventional method. 

25 [0186] Specifically, as the element chosen from group 5B, at least one chosen from 
phosphorus (P), nitrogen (N), arsenic (As), antimony (Sb), and bismuth (Bi) can be used. 
With one or plural kinds of elements from these, the catalytic element can be efficiently 
moved, and the sufficient gettering effect can be obtained. With respect to the 
mechanism of this gettering, a specific knowledge has not been obtained yet, but it is 

30 known that among these elements the most effective is phosphorus. 
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[0187] Subsequently, in the process of forming the second a-Si film 8, it is desirable to 
perform formation by the plasma CVD method with at least silane (S1H4) gas and 
phosphine (PH3) gas as material gas at a deposition temperature of equal to or more than 
400°C. When phosphorus is incorporated into the amorphous silicon film, an ion 
5 doping method is normally used; however in that case, there are many cases in which 
the amorphous silicon film is micro-crystallized when the substrate has high 
temperature at the time of ion doping. When such crystallization is performed, an 
effect stated above becomes small. However, by the CVD method at the deposition 
temperature of equal to or less than 400°C with silane (SiH 4 ) gas and phosphine (PH3) 

10 gas as a material gas, the silicon film of almost complete amorphous state is obtained 
and the concentration in the film of phosphorus can also be very high. Moreover, the 
processing ability is high, and it is suitable for the mass production. 
[0188] In addition, as in the second embodiment mode, when B (boron) is further 
included in the second a-Si film 37 including P (phosphorus) that is chosen from group 

15 5B, a bigger gettering effect can be obtained. It is known that when not only 
phosphorus but also boron is doped together, its gettering mechanism changes. In 
other words, when only phosphorus is included, it is the diffusion transfer gettering 
effect (the first gettering effect) which utilizes the difference of the solid solubility of 
the catalytic element and the non-gettering area of non-dope; however by letting the 

20 boron be included, the catalytic element at the gettering site comes to be easily 
precipitated and the gettering (the second gettering effect) to the defect or the 
segregation site becomes superior. 

[0189] In the latter case, the gettering ability is higher, but since it is the gettering effect 
by the defect and the segregation site, it becomes severer to the annealing temperature. 

25 In the each embodiment mode, while the gettering site such as defect is remained, the 
heat treatment is performed; therefore it is very effective to the second gettering effect 
utilizing the defect and the segregation site. Therefore, by letting B (boron) as well as 
P be included, a bigger gettering effect of the catalytic element can be obtained, and the 
reduction of the concentration of the catalytic element in the active area can be achieved. 

30 In that case, as the method for forming the second a-Si film 37 which includes 
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phosphorus and boron, it is desirable to form with at least silane (S1H4) gas, phosphine 
(PH 3 ), and diborane (B 2 He) gas as material gas, by the plasma CVD method at a 
deposition temperature of equal to or less than 400°C. By so doing, as mentioned 
above, the silicon film of almost complete amorphous state can be obtained, and the 
5 concentration in the film of phosphorus and boron can be very high. Moreover, the 
processing ability is high, and it can be said that it is suitable for the mass production. 
[0190] As another method for improving the effect of the each embodiment, it is also 
very effective that, as in the third embodiment mode, the second a-Si film 67 which 
becomes a gettering sink includes rare gas element chosen from Argon (Ar), Krypton 

10 (Kr), and Xenon (Xe). When these rare gas elements exist in the amorphous silicon 
film of the gettering sink, since a large distortion among lattice occurs there, the second 
gettering effect by the defect and segregation site that is the original characteristic 
works very strongly. This is a technique which is well known in the field of IC that 
generally uses Si wafer. However, these elements have the effect to slow down the 

15 rate of the crystal growth because they exist in the amorphous silicon film, and they 
block the crystal growth of the amorphous silicon film, and the latency period until the 
crystal growth (crystal nucleation) becomes longer. Because of that, the second 
amorphous silicon film which is the gettering sink at the time of above mentioned heat 
treatment can be maintained in more amorphous state; therefore the second gettering 

20 effect that is larger can be obtained. Therefore, letting such rare gas element be 
included in the second amorphous silicon film is a very effective method that agrees 
with the concept and the purpose of the invention. In addition, Ar has the highest 
effect among these rare gas elements, and the highest effect can be obtained when Ar is 
used. 

25 [0191] As a method for forming the second a-Si film 67 which includes such rare gas 
element, the method in which after formation by the plasma CVD method, doping the 
rare gas element in the film by the ion doping method is desirable. Since after a-Si 
film is formed first and the rare gas element is added by doping, its distortion of the 
lattice can be larger and the higher gettering effect can be obtained. In addition, a 

30 material gas of doping in that case is the rare gas and its purity is 100%; therefore, the 
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processing ability (through put) of doping is very high. 

[0192] By the way, in the each embodiment mode, the catalytic element which promotes 
their crystallization is added to the first a-Si films 3, 33, and 63, the heat treatment is 
performed, the crystallization is performed, and the second a-Si films 7, 8, 37, and 67 
5 are formed over the crystalline silicon films 3b, 33b, and 63b which become the active 
area of the semiconductor device, the catalytic element is transferred to these second 
a-Si films 7, 8, 37, and 67. However, these second a-Si films 7, 8, 37, and 67 which 
become the gettering sink are not necessary as the semiconductor device after the 
catalytic element is gettered. Therefore, although these second a-Si films 7, 8, 37, and 

10 67 need to be removed, in doing so, while the crystalline silicon films 3c, 33c, and 63c 
which become the active area of the lower layer are left, only the second a-Si films 7, 8, 
37, and 67 may need to be removed. For that, etching process having close to 100% of 
etching ratio between the crystalline silicon films 3c, 33c and 63c of the lower layer and 
the second a-Si films 7, 8, 37, and 67 of the upper layer is desired, but actually it is a 

15 similar material of silicon film line; therefore, the selective etching having close to 
100% is impossible. Therefore, in the each embodiment, between the crystalline films 
3c, 33c, and 63c that become the active area and the second a-Si films 7, 37, and 67, 
forming the barrier thin film which becomes the etching stopper when removing the 
second a-Si films 7, 8, 37, and 67 is effective. 

20 [0193] As the barrier thin films of that case, not only does it have the sufficient etching 
selectivity ratio as the etching stopper when removing the second a-Si films 7, 8, 37 and 
67, but also through this barrier thin film, transfer of the catalytic element from the 
crystalline silicon films 3b, 33b, and 63b of the lower layer to the second a-Si films 7, 8, 
37, and 67 of the upper layer may need to be performed. If this transfer of the catalytic 

25 element is obstructed, sufficient transfer of the catalytic element to the second a-Si films 
7, 8, 37, and 67 of the upper layer that becomes the gettering sink is not performed, and 
the gettering effect can not be obtained. In other words, the effect in the each 
embodiment is completely lost With such an object, as the barrier thin film which is 
formed between the crystalline silicon films 3b, 33b and 63b of the lower layer in an 

30 active area and the second a-Si films 7, 8, and 37, using the silicon oxide films 6, 36, 
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and 66 having the film thickness of equal to or less than 50 A is desirable. A film such 
as this fulfills the both objects mentioned above. In addition, when the film thickness 
is thicker than 50 A, the sufficient transfer of the catalytic element between the 
crystalline silicon films 3b, 33b, and 63b of the active area and the second a-Si films 7, 
5 8, 37, and 67 is not conducted, and the high gettering effect of the catalytic element can 
not be obtained. 

[0194] In the each embodiment mode, the method for improving the crystallinity of the 
crystalline silicon films 3a, 33a, and 63a crystallized by the catalytic element and the 
performance of the semiconductor device, especially the electric current drive ability, 

10 adding a process in which the heat treatment is performed in oxidation atmosphere at 
higher temperature to the silicon films 3a, 33a, and 63a crystallized by the catalytic 
element, and a process in which irradiation of the laser light is performed are effective. 
In the former method for improving the crystallinity by performing the heat treatment in 
oxidation atmosphere at high temperature, when the oxidation treatment at higher 

15 temperature (800°C to 1100°C) is conducted to the silicon films 3a, 33a, and 63a 
crystallized by the catalytic element, a supersaturated Si atom generated by an oxidation 
effect is provided into the silicon film and the supersaturated atom goes into the crystal 
defect (especially the dangling bond) inside the silicon films 3a, 33a, and 63a, and the 
defect disappear. However, in this method of performing the oxidation treatment at 

20 high temperature of 800°C to 1100°C, the inexpensive glass substrate can not be used. 
From that perspective, at the each embodiment mode, the latter method of irradiating 
with the laser light is more effective. 

[01953 When the crystalline silicon films 3a, 33a, and 63a which are obtained by the 
each embodiment mode are irradiated with the laser light 5, 35, and 65, the crystal grain 

25 portion and the micro remaining amorphous area (non-crystallized area) are to be 
intensively processed, due to the difference of the melting point between the crystalline 
silicon film and the amorphous silicon film. In that case, in the crystalline silicon film 
which is formed by the normal solid-phase growth method, the crystal structure is the 
twin crystal; therefore, even after the irradiation of the strong light, inside of the crystal 

30 grain remains as the twin crystal. In comparison to that, the crystalline silicon film 
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which is crystallized with the introduction of the catalytic element is formed with the 
columnar crystal and its inside is at the single crystal state; therefore when the crystal 
grain portion is processed with the strong irradiation, the crystalline silicon film of good 
quality which is close the single crystal state can be obtained over the entire substrate, 
5 and from the perspective of the crystallinity, its effectiveness is very high. In addition, 
since the laser light 5, 35, and 65 are irradiated to the silicon films 3a, 33a, and 63a 
which originally have the crystallinity, it is different from the method in which is direct 
irradiation of the laser light to the amorphous silicon film to crystallize, and the 
variation of the laser irradiation is largely relieved and the problem of uniformity is not 

10 generated either. 

[0196] However, the process of performing such a laser light irradiation treatment is 
desirably performed before the second a-Si films 1, 8, 37, and 67 are formed over the 
crystalline silicon films 3a, 33a, and 63a that become the active area, in other words, 
before the catalytic element is gettered to the second a-Si films 7, 8, 37, and 67. The 

15 reason is that when the crystalline silicon films 3a, 33a, and 63a which are obtained by 
the solid-phase growth method by the catalytic element are irradiated with the laser light 
5, 35, and 65, a change occurs to the existing form of the catalytic element. 
Specifically describing, it is because the aggregation and re-aggregation as the silicide 
occurs. As the gettering process which removes the catalytic element from the active 

20 area, it is desirable to perform when the crystal state of the crystalline silicon film that 
forms the active area is completely stabilized, and by doing so, an idealistic gettering 
can be performed. Conversely, when a process (laser light irradiation) which promotes 
crystallinity after the gettering is performed, there is a possibility that the catalytic 
element that is remained and solid dissolved after the gettering re-aggregates and 

25 becomes silicide, and gives electric affect to the semiconductor element. 

[0197] By the way, the elements which can be used as the catalytic element that is 
added into the first a-Si films 3, 33, and 63 to promote the crystallinity are, in addition 
to the above mentioned nickel (Ni) 4, 34, and 64; cobalt (Co), iron (Fe) palladium (Pd), 
platinum (Pt), copper (Cu), and gold (Au) can be used. One or plural kinds of the 

30 element chosen from these have the effect of promoting the crystallization with little 
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amount, and among these when nickel 4, 34, and 64 are used, the most eminent effect 
can be obtained. With respect to the reason for that, the following model can be 
conceived. 

[0198] Therefore, the catalytic element does not operate alone, and by being combined 
5 with the a-Si films 3, 33, and 63 and becoming the silicide, it acts on the crystallization. 
In other words, the crystalline structure of that case functions as a kind of mold at the 
crystallization of the a-Si films 3, 33, and 63 and promotes the crystallization of a-Si 
films 3, 33, and 63. The Ni forms two silicides: Si and NiSi 2 . NiSi 2 shows the crystal 
structure of a fluorite type, and its crystal structure is very similar to a diamond 
10 structure of the single crystal. Moreover, NiSiz, with its lattice constant of 5.406 A, 
has a very close value to the lattice constant of 5.430 A in the diamond structure of the 
crystalline silicon. Therefore, NiSi 2 is the best mold to crystallize the a-Si films 3, 33, 
and 63, and as the catalytic element in the each embodiment mode, especially Ni is the 
most desirably used. 

15 [0199] In the each embodiment mode, the quantity of introduction (concentration per 
unit of area) at the introduction of the catalytic element to promote the crystallization of 
the first a-Si films 3, 33, and 63 is desirably in the range from 5 x 10 n cm" 2 to 5 x 10" 13 
cm" 2 in the measured value of total reflection X-rays fluorometry. In this range, 
necessary and enough crystallization can be obtained. In so doing, when the quantity 

20 of introduction of the catalytic element is equal to or less than 5 x 10" 13 cm" 2 , the 
excessive precipitation of the catalytic element which does not contribute to the crystal 
growth frequently occurs, and also in the following gettering process, the gettering 
becomes very difficult. 

[0200] By the way, as the semiconductor device manufactured by the each embodiment 
25 mode, it is characterized in that the crystalline silicon film that forms the active area 
includes the catalytic element, and in the active area the catalytic element has the 
concentration distribution to the direction of the film thickness. The state as 
mentioned above is obtained as a result of the catalytic element being effectively 
gettered by the each embodiment mode. Moreover, the concentration distribution to 
30 the direction of the film thickness in the active area is desirably the highest at the upper 
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surface of the active area and is lowered as it goes to the bottom surface. Such 
concentration distribution state is the state in which the effect in the each embodiment 
mode is obtained to the maximum extent and is a result of the catalytic element being 
effectively gettered to the direction of the film thickness. 
5 [0201] In addition, the state of the catalytic element in the active area in the each 
embodiment mode is desirably solid dissolved among the silicon lattice and is in a state 
in which it is not precipitated as the silicide. This state is the state generated by 
performing the gettering. In the state of the crystal growth, there certainly is the 
precipitation of the silicide, paradoxically the crystal growth is conducted by the silicide. 
10 Therefore, the state in which although the crystal growth is conducted by the catalytic 
element, the catalytic element does not exist in the active area as the silicide and exists 
solid dissolved among the silicon lattice shows that after the crystal growth the gettering 
is effectively performed, and is a result showing the high gettering effect in the each 
embodiment mode. 

15 [0202] In addition, an Ar element is desirably included in periphery of the surface of the 
active area. When the second a-Si film of upper layer is doped with Ar and gettered, 
some of Ar is implanted into the surface of the active area of lower layer of the 
semiconductor device, and Ar exists in periphery of the surface of the active area. This 
is the state seen when an effective gettering by Ar is performed. In addition, as a kind 

20 of the catalytic element which is included in the active area in the each embodiment 
mode, it is most desirable that at least Ni element is included. This is because Ni 
operates most effectively as the catalytic element as mentioned above. 
[0203] Lastly, in the each embodiment mode, the objects of the invention are: to reduce 
as much catalytic element as possible remaining in the active area of the semiconductor 

25 element, and to realize the semiconductor device which has high performance, 
high-reliability, and high-stability. In order to do so, the concentration of the catalytic 
element in the active (channel) area of the semiconductor device which is obtained 
lastly is necessarily be in the range of 5 x 10 ,5 cm~ 3 to 5 x 10 ls cnf 3 . By setting the 
concentration of the catalytic element in the active area to 1 x 10 !7 cm" 3 , an electric 

30 affect which the catalytic element has on the semiconductor characteristics completely 
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disappears. In addition, by applying the each embodiment mode, such low 
concentration can be realized. Also, as long as the crystallization is performed by 
using the catalytic element, the catalytic element with the least concentration of 1 x 
10 17 cnf 3 remains in the channel area, and the reduction equal to or less than it is 
5 impossible by any method conceivable at the present. Therefore, as the result of 
performing the crystallization with the catalytic element, at least the catalytic element 
with the concentration of equal to or more than 1 x 10 15 crrf 3 remains in the channel 
area. 

[0204] In the foregoing, the invention is explained specifically by the first embodiments 
10 mode 1 to 3; however, this invention is not limited to the embodiments, and various 
transformation based on technical idea of this invention is possible. 
[0205] For example, as the second heat treatment when moving the catalytic element 
nickel to the a-Si films 3, 33, 63 that are the gettering sink, the method which uses the 
resistant heating furnace (furnace) that has furnace core tube 91 of the approximate 
15 similar shape with the outer shape of the substrate 92 is shown; however, the similar 
treatment is possible with a normal resistant furnace (furnace). In addition, annealing 
method which is RTA like (instantaneous thermal annealing) such as sheet-feed type can 
be also used. 

[0206] In addition, as a method for introducing nickel as the catalytic element, the 
20 method of adding a solution in which nickel salt is dissolved to the surface of the a-Si 
films 3, 33, and 63 is adopted; however a method of introducing nickel to the surface of 
the base film before forming the a-Si films 3, 33, and 63 and performing the 
crystallization by diffusing nickel from the lower layers of the a-Si films 3, 33, and 63. 
In other words, crystal growth can be performed both from the upper surface side and 
25 the bottom surface side of the a-Si films 3, 33, and 63. Also, as a method for 
introducing nickel, other various methods can be used. For example, there is a method 
in which SOG (a spin on glass) material is used as a solvent to dissolve nickel salt and 
is diffused from the silicon oxide films 2, 32, and 62 of the base films. In addition, 
methods of forming thin films by the sputtering method, the deposition method are, or 
30 the plating method, and a method of directly introducing by an ion doping method can 
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be also used. 

[0207] In addition, as mentioned above, as the catalytic metai element to promote the 
crystallization, besides nickel, a similar effect can be obtained by using cobalt, iron, 
palladium, platinum, copper, and gold. Moreover, in the first and the second 
5 embodiment modes, phosphorus is used to improve the gettering effect of nickel; 
however nitrogen, arsenic, antimony, and bismuth are used. Of course, as explained 
earlier, the gettering effect can be also obtained by using the non-doped a-Si film. In 
addition, in the embodiment mode 3, argon is used to be doped to the second a-Si film 
67 which becomes the gettering sink; however a similar effect can be obtained with 

10 krypton and xenon. In doing so, in the embodiment mode 3, the argon 68 is added to 
the a-Si film 67 by an ion doping method; however it is not limited to this introducing 
method. For example, the a-Si film may be formed by the sputtering which uses a 
silicon target and argon as the sputtering gas. Even by this method, a large quantity of 
argon is included in the a-Si film. In addition, in the CVD method, the a-Si film is 

15 formed by adding argon as material gas. 

[0208] In addition, as the etching stopper when removing the a-Si films 3, 33, and 63 
which become the gettering sink, except the silicon oxide films 6, 36, and 66 that are 
mentioned in the each embodiment mode, other various films such as a silicon nitride 
film can be used. In addition, with respect to this forming method of the silicon oxide 

20 films 6, 36, and 66, besides the thin film oxidation methods which are explained in the 
each embodiment mode such as the ozone water treatment, and an eximer UV treatment, 
for instance, formation of a thin film by the CVD, an oxygen plasma treatment, a 
thermal oxidation method, an sulfuric acid oxidation, and the like may be used without 
problems. 

25 [0209] In addition, in the each embodiment, as a method for promoting the crystailinity 
of the crystalline silicon films 3a, 33a, and 63a that are crystallized by nickel, the 
heating method by the irradiation of the eximer laser 5, 35, and 65 that are pulse laser is 
used however, a similar treatment can be obtained by other lasers such as continuous 
oscillation Ar laser. 

30 [0210] Moreover, as the applications of the each embodiment mode, except the active 
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matrix type substrate for the liquid crystal display, for example, the contact image 
sensor, a driver built in type thermal head, and an optical writing element and a display 
element which have an organic system EL (electro luminescence) or the like as the 
luminescent element, and a three-dimensional IC are conceivable. In each application, 
5 high performance such as high speed and high resolution of the device is realized by 
apllying the each embodiment mode. Moreover, as the semiconductor device formed 
by the each embodiment mode, it can be applied widely to the semiconductor process in 
general including the bipolar transistor and electrostatic induction transistor which have 
the crystalline semiconductor as the element material as well as the MOS type 
10 transistor. 
[0211] 

[Effect of the Invention] It is clear by the foregoing that the first manufacturing method 
of the first invention is; since the amorphous silicon is formed on the substrate and the 
catalytic element is added, and the first heat treatment is performed to have the 

15 crystallization conducted to obtain the crystalline silicon film, and the second heat 
treatment is performed under the condition in which the second amorphous silicon film 
formed on the crystalline silicon film is not completely crystallized to move the 
catalytic element to the second amorphous silicon film; defect such as the dangling 
bond in the second amorphous silicon film become the segregation site with respect to 

20 the catalytic element, and the catalytic element which is moved from the crystalline 
silicon film can be effectively trapped. 

[0212] As a result, compared to the conventional method which does not perform the 
heat treatment when the second amorphous silicon film is in a state that it is not 
crystallized, the amount of the remaining catalytic element in the crystalline silicon film 

25 can be reduced to a large extent. Therefore, compared to the conventional method, an 
abnormality of leak current at off operation of the semiconductor device that has the 
crystalline silicon film as the active area disappears, and a stable characteristic with 
little variety and a high reliability can be obtained. Moreover, since it has the stable 
characteristic with little leak current, a highly integrated high performance 

30 semiconductor device can be obtained by a simple manufacturing process. In addition, 
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in its manufacturing process, the yield can be largely improved and reduction in cost of 
the product can be achieved. 

[0213] In specific, in regard with the liquid crystal display device, improvement of the 
switching characteristic of the pixel switching TFT that is required to the active matrix 
5 substrate and the achievement of high integration and high performance that are 
required to the TFT which constitute the peripheral drive circuit are both satisfied at the 
same time; accordingly, a monolithic type active matrix substrate which forms the 
active matrix portion and the peripheral circuit portion on the same substrate can be 
realized. Therefore, the module can be made compact, high performance, and low in 
10 cost. 

[0214] In addition, the method of manufacturing a semiconductor in one embodiment, 
the second heat treatment is performed under the condition in which there is absolutely 
no occurrence of the crystal nucleation in the second amorphous silicon film, through 
the entire period of time that the catalytic element in the crystalline silicon film is 
15 moved to the second amorphous silicon film, the maximum gettering site is maintained 
to the maximum. Therefore, the trap effect of the catalytic element to the segregation 
site can be obtained. 

[0215] Also, in one method for manufacturing the semiconductor device in one 
embodiment, the second heat treatment is performed at the heating temperature and the 

20 heating time that the concentration of the catalytic element in the crystalline silicon film 
and the concentration of the catalytic element in the second amorphous silicon film are 
thermal equilibrium of segregation state, when it comes to be in thermal equilibrium 
state in segregation state, the gettering effect is saturated, and the highest and the most 
stable gettering effect can be obtained. 

25 [0216] In addition, in one method for manufacturing the semiconductor device in one 
embodiment performs the second heat treatment at the heating temperature of equal to 
or more than 450°C and equal to or less than 550°C and for the treating time of equal to 
or more than 5 minutes to equal to or less than 4 hours; therefore, as shown in FIG. 7, 
the catalytic element can be gettered only the distance of 100 nm. Therefore, the 

30 catalytic element in the crystalline silicon film can be getterd sufficiently to the 
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[0217] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, the heating temperature of the second heat treatment is equal to or more 
than 480°C and equal to or less than 550°C, and the processing time is equal to or more 
5 than 5 minutes and equal to or less than 4 hours; therefore the second heat treatment can 
be performed even to the glass substrate of 600 mm x 720 mm with the thickness of 0.7 
mmt which is used for a motherboard of the active matrix substrate for a liquid crystal 
display is performed without bending by weight. 

[0218] In addition, in one method for manufacturing the semiconductor device in one 
10 embodiment, since the second heat treatment is performed the temperature is increased 
and decreased at a temperature increase/decrease rate of 5°C/min, when using the glass 
substrate, there is no thermal damage by too much heat treatment, and the gettering 
effect is not lost,. 

[0219] In addition, in one method for manufacturing the semiconductor device in one 

15 embodiment, the second heat treatment is performed using a furnace placed as such that 
a space between a furnace core tube and the substrate is set equal to or more than 10 
mm and equal to or less than 80 mm, and the substrate is faced in the direction of the 
furnace in the furnace core tube having a cross-sectional shape approximately similar to 
a plane shape of the substrate; therefore the amount of the ambient gas provided to the 

20 above substrate's surface during the second heat treatment can be increased. Thus, a 
rapid rate of temperature increase and decrease can be realized and a temperature 
distribution within the substrate is generally stabilized; therefore, a stable treatment 
without bending or cracking can be realized to even a large glass substrate of meter size. 
[0220] In addition, in one method for manufacturing the semiconductor device in one 

25 embodiment, since the plane shape of the substrate and the cross-sectional shape of the 
furnace core tube are rectangular, to the substrate having a rectangular plane shape, the 
space from the furnace core tube is held ideally, and the rapid rate of temperature 
increase and decrease required at the second heat treatment is realized, and the 
temperature distribution within the substrate is generally stabilized. 

30 [0221] In addition, in one method for manufacturing the semiconductor device in one 
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embodiment, since an element selected from group 5B is added to the second 
amorphous silicon film, solid solubility of the catalytic element in the second 
amorphous silicon film can be drastically improved. Thus, in addition to the gettering 
effect by the trap of above catalytic element to the segregation site, the gettering effect 
5 of the catalytic element by a difference of the solid solubility is performed at the same 
time. In this way, the concentration of the catalytic element in the crystalline silicon 
film can further be reduced. 

[0222] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, one or more of P, As, and Sb chosen from group 5B are included in the 
10 amorphous silicon film. Thus, the catalytic element is efficiently moved, and the 
sufficient gettering effect can be obtained. 

[0223] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, P from which the highest gettering effect is obtained among the element 
chosen from the group 5B, is included in the second amorphous silicon film. Thus, 
15 further higher gettering effect can be obtained. Therefore, the remaining concentration 
of the catalytic element can be reduced to the 1/4 of the conventional method in which 
the heat treatment in a coordination in which the second amorphous silicon film is not 
crystallized is not performed. 

[0224] In addition, in one method for manufacturing the semiconductor device in one 
20 embodiment, the second amorphous silicon film including the above mentioned P is 
formed by plasma CVD method at the deposition temperature of equal to or less than 
400°C with at least SiHj gas and PH 3 gas as material gas, therefore the micro 
crystallization of the amorphous silicon film in the case of using an ion doping method 
does not happen. Therefore, a silicon film which is almost complete amorphous state 
25 can be obtained, and at the same time the concentration of the above mentioned 
phosphorus can be very high, and a sufficient gettering effect can be obtained. 
[0225] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, in addition to P, B is also added to the second amorphous silicon film; 
therefore, compared to the diffusion transfer gettering which utilizes the difference of 
30 the solid solubility of the catalytic element by above mentioned P, the gettering effect to 
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the defect or the segregation site becomes bigger. In that case, the latter getter ing 
effect has higher gettering ability; therefore a bigger gettering effect can be obtained. 
[0226] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, the second amorphous silicon film which includes above mentioned P and 
5 B is formed by plasma CVD method at the deposition temperature of equal to or less 
than 400°C with at least SiHt gas and PH3 gas as material gas; therefore the 
concentration of above mentioned P and B can be very high as well as the silicon film of 
almost complete amorphous state is obtained. Therefore, the sufficient gettering effect 
can be obtained. 

10 [0227] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, since the second amorphous silicon film includes a rare gas element 
chosen from Ar, Kr, and Xe, a large distortion among lattice is generated. Thus, the 
gettering effect caused by defect • segregation site is enabled to work very strongly. 
Furthermore, since these elements obstruct the crystal growth of the amorphous silicon 

15 film and slows the rate of the crystal growth, at the time of the second heat treatment, 
the second amorphous silicon film is kept in more of the amorphous state. Thus, a 
bigger gettering effect can be obtained. 

[0228] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, Ar from which the highest gettering effect is obtained among the elements 
20 chosen from the Ar, Kr, and Xe is added to in the second amorphous silicon film. 
Therefore, a higher gettering effect can be obtained. 

[0229] In addition, in one method for manufacturing the semiconductor device in one 
method, the second amorphous silicon film is formed by a plasma CVD method, and 
after that Ar is added by an ion doping method; therefore, distortion between the lattice 

25 becomes bigger and a higher gettering effect can be obtained. 

[0230] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, between the crystalline silicon film and the second amorphous silicon film, 
the barrier thin film which functions as the etching stopper when removing the second 
amorphous silicon film is formed; even if the crystalline silicon film of the lower layer 

30 and the second amorphous silicon film of the upper layer are of similar silicon materials, 
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only the second amorphous silicon film can be completely removed leaving the 
crystalline silicon film. 

[0231] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, the film thickness of the barrier thin film is set to the silicon oxide film of 
5 equal to or less than 50 A, therefore has the sufficient etching selectivity ratio as the 
etching stopper, and the sufficient gettering effect from the crystalline silicon film to the 
second amorphous silicon film through the barrier thin film. 

[0232] In addition, in one method for manufacturing the semiconductor device in one 
embodiment, the crystalline silicon film obtained by the first heat treatment is irradiated 
10 with the laser light to improve crystallinity of the crystalline silicon film; therefore, the 
crystal grain portion is processed by strong light and the crystalline silicon of film good 
quality which is close to the single crystal state can be obtained over the entire 
substrate. 

[0233] In addition, in one method for manufacturing the semiconductor device in one 
15 embodiment, the catalytic element which is added to the first amorphous silicon film is 
one or plural kinds chosen from Ni, Co, Fe, Pd, Pt, Cu, and Au; therefore, sufficient 
crystallization promoting effect can be obtained with only little amount. 
[0234] in addition, in one method for manufacturing the semiconductor device in one 
embodiment, since Ni which has the highest crystallization promoting effect as the 
20 catalytic element is added to the first amorphous silicon film, a higher crystallization 
promoting effect can be obtained. 

[0235] In addition, in one method for manufacturing the semiconductor device jin one 
embodiment, the amount of nickel which is added to the first amorphous silicon film is 
set to equal to or more than 5 x 10"cm~ 2 and equal to or less than 5 x 10 I3 cnf 2 in 
25 measured value of total reflection X-rays fluorometry, sufficient crystal growth can be 
obtained and also the excessive precipitation of the catalytic element disappears and the 
sufficient gettering can be performed. 

[0236] In addition, the second semiconductor device of the invention is manufactured 
by the manufacturing method of the first semiconductor device of the invention, 
30 compared to the semiconductor device manufactured by the conventional method which 
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does not perform the heat treatment when the second amorphous silicon film is in a state 
that it is not completely crystallized, the remaining catalytic element in the crystalline 
silicon film can be largely reduced, the abnormality of leak current at off operation in 
the active area disappears, and the high reliability can be obtained. 
5 [0237] In addition, in the semiconductor device of the third invention, the crystalline 
silicon film as the active area includes the catalytic element which promotes the 
crystallization and has the concentration distribution of the catalytic element to the 
direction of the film thickness; therefore, the crystalline silicon film is formed as the 
crystallization is performed by the introduction of the catalytic element and the catalytic 
10 element is effectively gettered to the direction of the film thickness, in other words, it 
is formed by the manufacturing method of the semiconductor device of the first 
invention. 

[0238] Therefore, the remaining catalytic element in the crystalline silicon film can be 
largely reduced, the abnormality of leak current at off operation disappears, and the 

15 stable characteristic with little variety and the high reliability can be obtained. 

[0239] In addition, in the semiconductor device of one embodiment, the concentration 
distribution of the catalytic element is such that it is decreased from the opposite side of 
the substrate side of the active area toward the surface of the substrate side; therefore 
the gettering to the direction of the film thickness is effectively performed from the 

20 crystalline silicon film to the gettering sink formed over the crystalline silicon film. 

[0240] In addition, in the semiconductor device of one embodiment, the catalytic 
element is solid dissolved among the silicon lattice in the active area and is not 
precipitated as the silicide; therefore the catalytic element is gettered sufficiently and is 
largely reduced, and the abnormality of the leak current at off operation which is caused 

25 by the precipitation of the catalytic element as the silicide disappears. Therefore, the 
high reliability can be obtained. 

[0241 ] In addition, in the semiconductor device of one embodiment, since the periphery 
of the surface of the active area includes Ar element, when the catalytic element is 
gettered, Ar is doped to the gettering sink formed in the active area of the upper layer, 
30 and the effective gettering is performed by Ar. Therefore, drastically low quantity of 
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the remaining catalytic element can be shown. 

[0242] In addition, in the semiconductor device of one embodiment, since the active 
area includes at least Ni as the catalytic element, when the crystalline silicon film as the 
active area is formed, Ni which has the highest crystallization promoting effect is added. 
5 Therefore, in the active area, the crystallization is performed sufficiently. 

[0243] In addition, in the semiconductor device of one embodiment, the average 
concentration of the catalytic element in the active area is set to equal to or more than 1 
x 10 15 cm" 3 and equal to or less than 1 x 10 l7 cm~ 3 ; therefore an electrical affect given 
by the catalytic element is not found at all. 
10 [Brief Description of the Drawings] 

FIG 1 is a cross sectional drawing showing the abstract of the manufacturing 
process of the TFT as the semiconductor device of the invention. 

FIG 2 is a cross sectional drawing showing the abstract of the manufacturing 
process which follows FIG 1 . 
15 FIG 3 is a cross sectional drawing showing the abstract of the manufacturing 

process of the TFT which is different from FIG 1. 

FIG 4 is a cross sectional drawing showing the abstract of the manufacturing 
process which follows FIG 3. 

FIG 5 is a cross sectional drawing showing the abstract of the manufacturing 
20 process of the TFT which is different from FIG I and FIG 3. 

FIG 6 is a cross sectional drawing showing the abstract of the manufacturing 
process which follows FIG 5. 

FIG 7 is a drawing showing the relationship between the heating temperature 
and the gettering time at the second heat treatment. 
25 FIG 8 is a drawing showing the relationship between the etching time and the 

etching quantity at the etching removal of the surface of the second a-Si Film with an 
alkali solution. 

FIG 9 is a view showing the surface and the cross section of the second a-Si 
film in which the crystallized area and the amorphous area are mixed before the etching 
30 and in the process of etching. 
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FIG 10 is a conception diagram of the heating device which performs the 
second heat treatment. 

FIG 1 1 is a drawing showing the cross sectional shape of the quartz tube and 
the flow of ambient gas. 
5 [Explanation of Reference] 
1,31, and 61 - glass substrate, 
3, 7, 33, 63, and 67 - a-Si film, 

3a, 3b, 33a, 33b, 63a, and 63b — crystalline silicon film, 
3c, 33c, and 63c ••• crystalline silicon film of high quality, 
10 4, 34, 64 ». nickel, 

5, 17,35, 65, and 77 - laser light, 

6, 36, and 66 - silicon oxide film, 

8 - a-Si film which includes phosphorus, 

10, 39n, 39p, and 70 - active area, 
15 11, 40, and 71 — gate insulating film, 

12, 41n, 41p, 72 - gate electrode, 

16, 45n, 45p, and 76 - channel area, 

18, 48, and 78 - gate insulating film, 

1 9 and 79 — source electrode ■ wiring, 
20 20 ••• pixel electrode, 

37 ••• a-Si film which includes phosphorus and boron, 

42 - phosphorus, 

14, 15, 43n, 44n, 74, and 75 - N-type impurity area, 

47 - boron, 
25 43 p and 44p - P-type impurities area, 

49 - electrode • wiring, 

21, 50, and 81 — N channel-type TFT, 

51 -P channel-type TFT 

68 — argon, 
30 80 - drain electrode • wiring, 



72/74 



M 

English Translation of JP20G3-68642 



91 — quartz tube (furnace core tube), 

92 — substrate, 

93 ••■ quartz boat, 
95 - home position, 

5 96 - annealing zone, 

99 - gap, 

100 - inert gas- 



FIG 8: 

10 a) etching amount (A) 

a-Si state (500°C, 1 H annealing) 

crystalline Si state 

etching time (second) 

FIG 9: 
15 before etching 

crystallized area 

a-Si area 

in the process of etching 
etching residue 
20 b) the second amorphous silicon film 
etching stopper 
crystalline silicon film 
substrate 

a part which is crystallized 
25 etching stopper 

crystalline silicon film 

substrate 

FIG 7: 

the second heat treatment 
30 time that is necessary to getter the distance of 1 00 nm 
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*S * 7 * Kffi ! ' *t L T 1 9 j H^R t) © IS V ^ £ L fc 

assess 

[0033] *fc s i uttffl-en, ±jeas i ©iss©^ 
^f*ga ©§»£ k *j p r , _hfa«s©¥ffi^5Kfc j= 

TWrf r ''i-r^Ti h 1 -T I 

[0 0 3 4] r.©liW?(li-J;tl!+\ JE^OTOfcRfc^ 

t-c, 7 r -t^r tfctt sr-kt t ©m 

©^-T^ftSirJfefcftT, i;EfS2©»iiftgB#i~ 

&Kft4v**B*ft# m$ft5t#ic ±fcivj 

©ffiJf7M«~£t{*fift5 0 40 
[0 0 3 5] Jfc, 1 Hftfim ifESB 1 ©IPil©^ 

to 0 3 6] r©HJMi-J:ftlls -ttel 2 ©#Hff ^ 
1 ) I i-_^_S " I 

BlH)£±5„ Lfciiot, ±Efi0r!M h-©i:i2«ffi 
f?^ft§ 0 w 5 LT, iiae^tt^>f*et*S(t5ftli«!E 50 
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[ 'i : 7] i 1 ^ _ T i ' i l,.r i ^ - 
i»ftSS©Sig?j&i^^T, i r »r ■ -_ 

[0 0 3 8] ^fiO : ^K^JtJ;tia\ 5KB^P>iltm 
P, As*5J;t>'Sb© 5 *j©-«* fciif -JtlBM 

7c*^a*wt»$ft, y 

<bftS 0 

[0039] it, i mmmx'ii, .ttm 1 ©^©-t- 
«#stt©»it*&!'iiv^, ±ejb 2 <Dim«tr4 m 

[0 0 4 0] 1 1 Ufif?ij(.:.,itL!f, hE5KB^?»JStf 
±E® 2 ©^HW>/-f SMi'^f Lfc^oT. J; 
[ 0 0 4 l ] tfc, 1 HJtW-Ctt, ±E« l 

> mmu* t lt, fiicSfiajs 4 o ot;wTT©7° 

7 C V D (ft'^iJ^ftffi) t ± o TJFM * ft 5= 

[0 0 4 2] ±El2©^f H K^^»SSty yfc^WS 

oTMl7''f XR^ttilt£^ $ft5 0 
^©#^icii, .h^Lfci; o tefv 9 y y^?a*^hS 
< toTU 5 . r ©IWJt £ftHu '>ft < i t s i 
H* t P H 3 77'^. t i LTb^Slfaa 4 0 0 

C C £1 T T © 7' 7 X v C V D & i w J; o T ^ ^ ft 5 © T% 

i&^^^iR«i©-7-'f mmmbtiz t JiE 

7c*©<f y ^ y >^m-^ffl*^ftS r t H0^©Tfe 
[ 0 0 4 3 ] I : . , 1 HJfiMTfi, ±S» 1 ©*^©-f~ 

m\i, Jiiey >Sw i 30xt*^«^^^^tv^ o 

[0 0 4 4] r©3lfi«ii:ft!±\ ±aa» 2 

ikw^tm^mrnm^^ l^ < ^©1^, 

y yi; J; 5W«7c»©B^S©lt^i|ffl LfcffifcMS 
y >^'#jlJ; «5 ^13fe&5^Wsfff h-© 
^ y ^ y - f 'J ^ > 1=', t ' ' ta _ x7?< 
y'?? y v^fjsfflWTj^^y^ y 

i >9 7^ t 4«Kt£«©^' -7 ^ y ymmmbinZo 

[oo4 _ ] - t - - I n'f J <r>mv>¥ 

mwmunmm^m'^m t, ±12 y y& ± tf* c?«tr 

^rA,ff»f 2 ©#f a R7--f *»4, <iV/7 >77'7, 

i*^7^ >77x > -^77^ mm* k LT, fiK 
1M4 0 0t«Ttffl7 , 77VcvDil:J;otM 
^ft-5 c 
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[0 04 6] - n-MMW^ itltf , '>ft < i t S i H< # 
^ t P H, i: B z Hi t Lfcj£&ifi& 

4 0 0°CiitTT©7 s 7X-7C VD&Sli;oT±fay y& 

u^n <> n ir % fc-n 2 >r 4 mmm®L £*tS<D 
[0047] it, i -mm-ix mm i ©3§w©¥ 

Rtt, * y 7° h yfciwtyv^^lift 

[0 04 8] r ©l«l«C «t tiff, -kK$ 2 ©#I,ff ^ 
•< fi A r. Kr*S J; e*> P> a *Lfc*^ 5g*# 

ritf-es 5 J: 51=45. l<fri>, r 
t- LTfeli&S$t£l fcfcfc, ±EJ& 2 ©» 

OT$i.'i3^T, ±15® 2 m&n^ muz. 9 

[0 0 4 9] St, i *Sfefj-Cii, -ttm i ©3§W©¥ 
i»*Sl!©»ifi*ftlci3V^T, ±E* 2 ©#ajt^ * 

[0 0 5 0] C©Htt«|Cj:ft|i, ir.f2Ar,Kr:fci;tf 

xe^&atflxfcs**, ft tas^y?* y v^asa* 
[0051] i mmmx'^ mm i ©ssww* 

K— Vi/?m\z t^XTiv =ry*s»A $ 
[on-, ] r ^ii, ntt LffiS2©# I iW^ 
jfe i^JiSc -5 ti fc It , K- tf y ic i o T A r 

ja-^v k:---i:?: z t x, mm 2 ©^sk^ *r<o 

iit^Xfe^ MJii o 0%T"fc5©t\ K-^ 
[0 0 5 3] ifc, 1 HK#K*fl, mm 1 ©Sffl©¥ 
2 ©#H?C ^ #11 1 © H 1 4 ±EH 2 ©^ft^ » 

[0 0 5 4] T«©±iaea1,tt^Y«Rt±H©J:fam 

2 ©#ni^-f net itmmnfrjmmiktmx-hsa 
x\ 100 ^x ? fy ymsut&i* o fcg#^ y ^ 

y?\i^mxh% 0 l©*Ml!-=ttLtf, i§tt£«£ 

& seat* ^ mi t m 2 ©# B i,s^^ «js t ©sit. 
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StL-Cv^we, ±ETl©feStt^'f«!It'SLT_h 

ie±i©l 2 ©^ii«^^*!i©^^E^ti^ 

5 0 

[0 0 5 5] 1 t l- 1 *rrf| - 

i£ p ' 1 ' _ il 1 ' »wi¥- 

5 0 ASlTto&itirJ Xh% a 
[ 0 ' " n ] I t , L1 J, - L ? 1 ! , y 7jf Mi L 

10 xmW 5 0 A£TF©lf ft^-f lll^ffi v n fcjv-c ^ 5 

wteStt^-f *BS*>6.±«<0^ 2 ©^SRt--Y«1^© 

mmmmmmhii, $ y 
[0057] St, 1 ^js^jT-ii, mm 1 OJSWO^ 

zo ±e«5 2 ©#i,K^^*Kfi, ±fait*tt^«fcf>tifc 
[0 0 5 8] '©*ffiMlcj;Htt\ -tfa® 1 roipfRsaa 

fa ft $ *ifc± E«e*tt^ •< « sattefi -e^ $ 

30 oTWftl«li'ifiV^«©^tt^^ W^lfeH 
5. ±«gp1,tt^Wl©^ B E lt4:^Sfe^n 

So 

[0059] it, 1 nifcflim mm 1 ©?sbj©¥ 

[0 0 6 0] I©^ff^li' J:n.tf, Ni, Co. Fe. Pd, P 

t, cu*j j; u* au/j-. b m fiHfc-at t fiSsa©tti;7E 
[0061] tit, 1 ^te^"Ci±, .ttem 1 ©§ew©?- 

«ftg-g©fiit*jfettev ^T, ±E^ 1 ©#5l,»^^ « 

[0 0 6 2 ] z<r>m&M\c£ibt£* mmMjiMtlX 
ft t Vi^^&ltm&Z^t 5 Ni «i, ±E® 1 

JJW©$j*^#P>ti5 0 

50 [0063] ifc, 1 mmmx-ix mm 1 ©m©^ 
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mmmommtm^^x , mm 1 ©^a^ * 

T'5 1 o" cm"' 0i£o5 1 o" cm' £ATT'feS 0 

[0 0 6 4) - ©^ft^jir mif, ±tm 1 

& 0 iLfc, Ji!e«te*©«7vl:!±5 1 0 ,s an" 2 JMT 
•C?fe5 D Lfc^o-c, &%«^^Lftv«ftttjI 

if <b+;9ft ^ -7 * JJ > ^tffrfrix 5 a 10 
[0 0 6 5] l2»J©¥i*SI»ii, iJBSB 

[0 0 6 6] mmmc t^i!i\ ±|SH 2 ro^fC^ 
$ | - ,§ it $ ti ft ^ & T«feS.^fx fcft -5 
riiaot, JJEfB 2 ©*fi JC^-Y J8I+ 5 Xfta 

n it mm&Tim^ f 7 ? 3 n s . l ft # o -c , .lis 

[0 0 6 7] Sl3©3Pj3j±, ft^iS^tl'SS 

«±.H?TM$ ti 5 i mz , 5 SIMS:® 

f±, SS^*ffiitt5fc»©*l!il5c5(?S:^irt*l^ K 
[0 0 6 8] ±ffi#«Mi:tii±\ fgftlgtfi LTOfefi 30 

[0069] Ltf^t, hm^i^-^mm^m^ 

[ o o 7 o ] 1 mm s rosswro* 
[0 0 7 1] '©«»J(Cttlii, tm^jtMnwrn- 

[0072] immmxnx ±jms^%®n<v¥ 50 
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it 5 -> y 3 v^ffl^Hit LT*3 0 , "> y 1M K i LT 

[0073] ^©MPiicitu^ ±g«xiia-> 
h i i 1 1 r i i-7«iffs#co y - 

[0 0 7 4] if:, 1 Hft#iJTii. 3 ©?PJW 

[0 0 7 5 ] rol«^J!cJ;M±\ ±?eiSttM«««[i 

J; 5«b*W*y -7 9 y y t»^T*5 5 , gfcgftfcKji 

1 0 0 7 e ] tfc, 1 %m\x\t, m% 3 
•mmm-ft^x, m^mmax mmmmt 

LX>PK< t io^y^^rMt^X'^6, 

[0077] znn&mz ztiti, mm&m®t tx 

[ 0 0 7 8 ] Sfc % 1 Ha^J-CIt, J:E3B3©*W©^ 
(i, 1 10 u cm" 3 gUrJ.ol 1 0" cm" 3 SXTX'h 

[0079] ztnmmm^^hit, m&mwvo-M 
mmm^ 1 10" m 3 uiTT-fesfc*. ±fa« 
# *^#ttic & tsi-'i^w ft mm 'A ± < a $> n * 

[0 0 8 0] 

KJhCNST FT^r f^SSi" 5 PS © IS t - Q'lWft S ffl 
Tl±, r?7^vH) ? ? *S©ftrB*^g»© K5 

^ /<iaig^iiiSf as^B^s© - 1 » nmmnmm -mti 

[0 0 8 1 ] I1SOI2!! t^ f u F:'gg(r^it^T 
F TW»jgXg©«Elf4:^1-Wfffi@-Cfc ^ ® 1 (a)» 5 
ibB 2 (g) ©Hl!-^oTT F 

ft-f , H 1 (a) tiFt i 5 #7* MS 1 Mi 
tfy^XvCVDfttiot, 3 0 0nm~ 5 0 Onm 
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{b-y-f MI 2 i±, #7*&|£ 1 55»f>©*tt*50>ttS£B& 
Cfcfcl-^tttftS. 77X?cVDfe:j;o 
T, l¥£ 2 0 ran- 8 0nin(fM^(i4 0ron)CO*tt( I S)® 
# B B B f^-ftl(a - SiR) 3££M!T$ 0 

t\ v- 7 y ( S 1 H< ) # * i Hi i ^ftf? t LT 
fflv\ 3 0 Ot; £U RF{iaH«)^7 

-»/<!7-&££ 1 ObW/cb' ~2 0 OinW/cm 2 (0ijx.fi" 
8 ObW/cb) t LtfiUfLt, 

[0 0 8 2] ftt, ±!£a - SiR3©«ffi±(r=y^ 
= ^;Ht»Lt«^a - SiSl3±i£«»U 

xnm $ * ^ r t i o-cff ^ . *ms©^iii- ts^T 

trjflv\ y >num.& i 0 ppto t tt 5 «t 9 (r 

Lt 0 iro^iata - siil3coifeB±i_Myjp£ti 
fc=s^A-4 0«S£, £KWS3teX*£*f(TRXR 
F) Sic Jt o TiJSt 5 1 4 7 10 i! atons/cn HS"C 

[0 0 8 3] $ fflx.Ua[*#Hft#« 3 F 

1 *t y7©S*Jl£-ft-v\ bi-iffli-eco^ 2 

~ 0a ftfcHjKli, JBl^ryT'rojDqii&at Ut4 5 0 
°C~ 5 2 0t:T' 1 B$M~ 2B*KWT--/W*&a&fi : l'\ 
#2 *^ Uttt5 2 0°C~5 7 0*C"C 

2 R#Ffl~ 8 B§TO»T^-/Ptea^T 5 „ 
fc^Ttt, -fiflJi fC 5 0 0°CirTl RtK^ll 

T'fojRjiaaifTofca, 5 5 o o c-e4iitiw<oi&2XTy 

•fomsM&ft-oit. inMpmM^l-oX, a - Si 
ll3coSiBic^q$tift.-->^^4^a - Sii^f^ 

a - smsoft&ik&mm-z. moot 

a - SiSl3tt^,aft^tl, gfitt^r>f« 

R3at^5 0 

[0 0 8 4] Il(b)i^ti5t, L'-fitB 

L"C, ^co^t§tt£-rS]l:£-fr5. ^ Wit CO if 3t 5 
tLTtt, XeCl^^^vU— !f(ftft3 0 8m, ^A- 
*tl4 0nsec)&fflt^c D *f3t»!Slt*#!±, Sit 

mz¥m&mmw& 2oot~4 5ot(mrf4oo 

°C) izmm U x***-*SE 2 5 OiB J /cm 2 ~ 4 5 0m 
J /cm 2 (ix.il 3 5 0 b j /cm ) "Cltf Lfc a t AiNC 
Xtt, 3(f 7 * S!g 1 ©jkBT* 1 5 0 mm 1 mnWfiK.^ 
t 4 5 J; 5 i^ffl 3 ttTio l 9 , LXm% 
Hi:0.0 5 mnx t" y XtsT-JIfctS^fro fc s 
bb, HAtt** Mm 3 a©ft£ro-£tfc^TW- 2 0 
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T, Bttfelfti'- J; o T# fetlfceilf4^-Y « 3 a 

e« * n, <t *5 Ui&s*sstt^-f «is 3 b t s 0 

[0 0 8 5] ^ic. a 1 (c) t^t ± 5 JiEIStStt 
^-f »)W 3 baffi*?lll!t»ft-t-5 - 1 "P, ^ y ^v J /^ 

i- ^^>45if^^ *ni6 tBt&t&c mt^A mm 

-t 5 z t T-fir 9 0 -t ^ is it 5 ^ V y * co ^ -/ y 
iftJt ii 5 mg/ 1 «±T'fc 5Zk *5M* L < , *»0Jf?. 
L Si s 1 1 7h.± ' ' flf ib^ im. 

fc< ^t/jSS4L< , ^KfficoS^Cfc'^-rfc^y'v* 

[0086] m^, h%mm^mm^Woi o c 

y 7 xv c v Dteir iot, y v K-t« tfyhW 

yytfl)* - SiK7tyy«r$tra - SifS8t£02 

<, ±16217, 8£3aSSL-Cffi?fifcLfc 0 T 
1(0 a - Silt 7(1, =.y^4C»t5)'y?9^ 
^^t?*>5wtCJpfC, ±I«y y££tfa - S i 
K 8 /j > P, Sttl <0 ^ - Y »S* 3 b- O U >- © t£1K • ^ft * PA" 

M4o(t5a - Sil^7cO^!fiiCi±, mmUBiZ 3 5 
0 °C t U S i H^'X t H. #Xb Srtm^^ tfflV^T 
t^5 0 J^ffa - SiK8<0«fi£(±, SiH 

€>^('> a - siifts^coy yWMt, 7t7-7jytf 
x © a*ifCffijt l-S JEt 5 z t as "Tffi t*l)6 a 
cO^MiC *iV>Ttt, P H 3 / S i Hi SftrlJtSr 3/100t 

;nijwa - Sill 8^coyy?SSiti%SS 

[0 0 8 7] tU, 7©ft#-T ISJArti-'-^ j 

fcN-js^sn&SJiitwaaitKtt, 4 5 o°c-s 5 o°c 

(DUBX 5 #~ 4 BfPfl, «t ?3 0* t < ti 4 8 0 V- 5 2 
OtcOSJfTM 05>~ 2 Strife 5o ±fS^Si'a 

?n f j r% » r ( ■ i ' ^ i 

b 5 0 0VtX'3 0^T*(#it3§a i ot;/^)#S 
feat 5 0 O Wb 2 0 OKi-Cmt 3 O^'CPI 
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[0 0 8 8] ZtDM&MWcm'X, fyWVWV 
?kt£Z>f&2 »#s§Rx-Y Mm 7 , 8 (Cf±*£iigEiD3E£ 

!i, ±f2^'7^£tSl fc LT, 3 2 0ii 4 0 Oium-eif 
$0. 7miBtG9=i— -yjCfta- K 1 7 3 1 (O J yT ~ — 

{ /y,J; ; ^7X)^ ; v;;^r;i„ $3IJfctf>JBS0)J: 3 

& anf^-cfcfti*, Kfijs: < «riiTfe 5 ^ t m. 
[0089] *nte©^«i^j3^T{i, ±iE^saa 

£, H 1 0 5 *, IfeWffiSmfcffl&WafJ 
tfittSi*!::, JF-fct 9 1 i&Kfcfc-tOlB!©*-:- 

4 o oaiij: 9 -0 15 ±% t£mm%i)^wwx°mf$.£h- 

XtS*) , * ©rtfljcOlM Xj±4 0 Omm 4 8 OraraT'fc 
5 0 fife 9 2»T^~v ; tSt^i±2 0#-CS>>J, 2 0tt» 

9 1 <DhM>bmi$hX, ££9 2W^£it»LT» 
9 2 SrifirtJS-fclHliR+fi £ fc ^ BrtlfcftoT^ 

[0 0 9 0] El 1 0t£V>T\ ^T^-T^-frf) 9 

i i±5 o orr^piisnxfc^, 1 t«o#- 

isJKv'v'a > 9 SHjo^T, atg 9 2 

9 3 #2 0 0°C(l^fl^^-n^, ^Lt> m 

(A)-e^-ti 5 h 9 3m-^~y 9 1 f^a-ot 

-<?*>$. fcfiti. iBfC, #-H9 3Srj!tSft/-y-efe5 

[0 0 9 1] croj;7/ i f:7r--^^fr :; *ffl^53.iiiJ; 
oT, ¥i 1 W » 1 1 '_ & % It -15 fc 

-> / J 1 f -WUp: + 

[0 0 9 2] ±iico± ^ ililCiot, iEEa-S 
iSS7fcJ;t>'U yfc^tfa - SiR8tt£<i|gilfc£*l 
■f , yJrMzto-rzUft h y yfh fto 

(d) izm 9 T'f<i"J; 3 \z±.jjm^\m^X5\ § ffl £;h, 

y t i 5 - y ^/u® y y ^ y y ^a* t> anfr o t 4 J: 5 
K&fe^y* !J i r»fc 
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[ 0 0 9 3] J£-tf)g£, ±f2Sfif4;^-Y*SS3b^(7)^ 
y^wco^m. ii©a - SiHE7*iJ;U5y >-*ra 

«ga5«<*3 0 I*;:. T i 1 1 t «§l3b(^ 

ST4fefttt^-f * « 3 cASft f>ix 5 ©t?*) 5. ±J£ t fc 
5 0 ott 1 NFfSjoJom*£ta{c:*sv^Tt4, ^tt^^H 

SI 3 c «f co = -7 ^/i-«js fc y y ^ y y ? y 9 xh 5 h 

l«a - SiBl7±S«tt5y ^^tfa - SlllI 8 cf '7 
[ 0 i ■ • . ] I I L- , i7 > t 1 £ r 1 ! J 

c rp«^ y *rflsm8.Z-%.4 t>Wm%t s IMS) 

II J; D pj/il Lfc fc ' 5 1 0 atoms/ca' SSi^^ 

y yf/V^ffla - SiK7, BSrigfiftS*^^ 
3 ftJpfftaaSrff 3 3 t <r>m\ ^ftSEifelc ± 5 = y 
SH V 2 1 0' 7 atoms/cm 3 SST'feS, W, 

ftli 1 1 0 18 atoms/ca 3 SIS T*fe "9 , Jiffif^St- ± 

o rft i / 2 o * -e(±set*a© 1 / 4 * X) «S= y ^ 

[gT'^Bltt^^ 3 c^BoTV^S- y 4 ii, ~> 
y i^'f htltttl < LTz$mxft& LT^Sfc 

TFT CD'««l#tt±raiH t 4 1 * ^ W t? & 5 „ 
[ 0 0 9 5] ftlC, ±JtUfcJ: 5K=S'^4Sryy^ 
U^^Ut^y^ftS^flK^Cofca - Sig^7fcy 
yittsz - SiSlSfclr, ^Sttf'^y^^^tS' 
fcidi;oTB&-£-r3e *«3»^t*,-|J5xy^y^t t 

*LT, a - SiBt7,8 4:(Si*Lfcft, IWb*-'f*BE6 

f±, +5j v ^TJlco<>'-f *Sl3ctMKtt«fe5i : 10 
0/<y77-K7y|[(BHF)4:fflK Cxy h^yf 1 

[0 0 9 6} t(0g, JtfeSffatt^'l' «li 3 ct fcfT 3 

(y-^4'W y mt&& 1 v'f- -y * mm) t 

[ 0 0 9 7 ] 'Mz, M 2 (f) i^-fi; 3 ±Effittfl 
-'id - i i s s l - - 

mi 1 tLTfi£Kt'3 0 ±EK<t^>T3ifR«^tt, r 
~ T-iiT e o s (x h 7 * x h * y ■ tju v ■ y y h) 
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mnti- s«t*ics»iiti 5o°c-6oot; 

(»& L< f±3 0 0°C~4 5 0°C)7\ RF/JXyC 

vDmx^m-mmvx^^tc, hz^tt- ±w,teo 

5 %WMk LX*9>#X t ft«EC VDftt t < a 
tECVD?£-irJ;oT, K«}£g5r3 5 0t~60 Ot: 
(Jf4L< tt4 0 0°C~5 5 0 o C)-ejfMLTtSL^:^ 

nmm 1 1 ©rmisl 1 1 i 

Jj-©7/t,y J;0^ffatt77 Ml/^- M£&H© 

o°c~6 o oT:ximm-4mm<n7~~-^£fto < , 10 

[0 0 9 8] 5lfa^T, ^■^!)yifSi;ioT, 
ffS 4 0 Onm-8 0 0nn(Wtli6 0 Orus) ©7/1^ - ? 
A«It5„ ^ L-T, 7A^~7Ag|£/^--=yy' 
LT^- h«jil 2 SrJgfig-f 5„ ~©7A-7~ 
7i,©lS©«ffiS-S«ftLT*aiiltf^I 1 3 7 

2 (OfcfcS-f*. SI, *TF 
T£777-f 7v h ]} ^^SISWiBHTFTi-tSiJ-^- 

# l %-5%^ilxfexfi/y/y ^-/mm^xff 20 

l\ *«J-S««T?2 2 0V*T?«E*±lf, ^©#! 
£ 1 l$lffl{&ftLT&7£-arS 0 ftfeJifcBWt*! 1 3 © 
]|E£s±2 o omirt?&5 3 {a, itDittintt, mo 

£rMt5i¥£SC&5©7\ hy-MHtt©fl 
[0 0 9 9] ftt, -f^-y K-tfy^feirio-C, ±3E 

L-c±Kffitt««t5F«*( y >-) 7&Af 5o K- 

UT7;t-*7-f y(PHi)4rJBv\ JnS«E«r 30 

6 0 kV - 9 0 k V (0ijx.fi 8 0 k V) , K~ XfiSr 1 1 

0 " en 2 - 8 I 0 15 cm 2 (&mi 2 1 0 " cm"' ) 1 t 

f«15i lift In T F T© V — -X ■ K W ft 

7^ ^hxTmm^A^h^^mn en, f ctf 

T©7^^fP£i&5 = 

[oioo] -t©ft, H2(f)i^7rJ;5H, u-f-'3t 

1 7^38ttLT7^-/H*ftV\ 4*y ; &ALtz^$.m 

Iitt/A&fhl ~77r &iH±£gfc#£-fr£>. -^©lit, 
ftffl-f 5 7— If t LTttXeCl^^^U'— <f(«ft3 
0 8nm, 7,i,74§4 0nsec)£fflV\ x^-ill 
5 0m j /cm 2 -4 0 0m J /cm' L < ft 2 0 On j /cm' 
~ 2 5 0 m J /cm' ) -efiSJWSrfT i 7 © i ? K £ 
ti7N3Mft(y >)ffl«l 4, 1 5©v—MSn^ 

2 0 0 Q/D~5 0 0Q/ni?j!)5 o 

[0 10 1] m^X, gj2(g)i^+J:yt7 J¥$6 0 

o m eit ©gHt7 4 mmh i> ^nmt^y «?©»« 
mmis&m&rz. fsu mm\^4mm^m^ so 
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#££(4, TEOS£f(ft> L"l7 lETEOS^I; 
D^SECVDffilCiotffJ^li;! Stt 

a{t77«*£ffl7i7i. f ^ - 1 (feff#"^ 

_ J rf + if^U T F I } M 1i' ' 'ti7 

[0102] tmrnmi n\z*>9t i># 

-/HrJfMLT, i?< ! Ml 1 Hi777y >7;t7 

ltK:ft-r5©^-[i5±t5©^gWt Lfc/^y 7Rt L 
TKlt!bJx5 0 *TFT2 1 *rH*TFT> LTffl^5 
»&lct±, R««ffi^^-f •7f->^1~5« : f-T'fe5»© 
■C, t 3 -?j© K \/4 ymm\~tt I TO H 7^7^ 7 A 

wbtf)^©s?n^«i^fe^siB«mffi2 o ^^if 

7©-Bf^«/iS-r§7tt^5 0 ■t lt, ;©y-^/> 
^77 77^-LTt'7>ff-f-/j5«n$ri, -y 5 - 

mmmm2 o [cmt&tm*$&* ns. ^Lrsfi 

1 ftE©**#HStTC*5V^, 3 5 Ot;^ 1 Bfffl 
©7=-^*fifl\ H2{g)l^1-TFT2 1 Sr^tfS 
^SSKISCT, TFT 2 limits I 

t f t 2 1 .ttsfty >c mmm* h ^mmm* 

mxh ±v\ 

[0 10 3] **ft©»C^o-C^LfcTFTIi, 
«#aH:^i]fi^ 5 2 5 0 cis 2 /Vsg/I, HfiftJE^ 1 . 5 

^T^Lfc^*©TFTt«Rir£fe|xfcTFT^7 

tijfW© y -7 im<r>mm*&£ < ss < , » r a 

tU lpA£tTt*#i:ffiV^«Sr$3£L.-C^Lfc 0 7© 

y -vmmtmx mmm^m^-r i:f«Lf;ss© 

TFT i: Jt-^7 ( itre ^'7 ' £p 

[0 10 4] Sfc. ft ^iELlij^/W 7M7tft* h 

^ t J: 5 B^ttKRfrfT oTLSt'T F T ©#tt#7t 
lilLbtiT , «©T F T t Jt^T^f mwi-ifim 

ipffl7^r-f 7V h y ^^»S^^J-,#7TffffiL/ct 
^ 6 , «7C* ^ ffl ^ T f« L fctt* © T F T 7 ffl 7 

^©icjt^T^a^s^ bMz&ti < , t f t y -y t 
[0105] ±i*©rt < . *mmmmz.&^x\x 

* - -Mr- 1 : , > I- r r 7t. -m 
Sffi±t-- v 7^ 4 7 1 0 " atoms/ cm ? SJf ifsAQ-f 
5« *LT. W4#H*TM*i^T, #iS*!Ca - S 
i if 3 * ©*««.K^fr 5^1^7-7 7©fi» t . 1 
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[0 10 6] jJct, Jtfa L — If 3fe 5 SrBBJi- UT, HtSIS 

* s r i ic =fc o x&&w u i <o 

tt^««l3bt-f3 0 ^LT, ;>b'-7<Da. - SIR 
? t y yfr^tf a - S1K8 t ^Stt#H 
5tTli*5tt5 4 5 0°C-5 5 0°C(DU&X5ft-~4mm 

o numB*. 5°c/jm±0%u-mM.m&xw,to * 

CD^PIS - ll'lot, y ; /^yy^v'^};45i2© 10 

#ff a ^/^ ssi 7 , 8 iz.mi B m<om.i>m^ b-r , & 

fc AS o T , D > ^J»*Sr**|RK ? ! ft mt ' i & 

[0 10 7) -©J^&f^S-}' ±oT, -hffia - Si 
&7J8.fctfy Vfc£tja - SiK8!i£<fefMt*ft 
f , -t ©^Pfi^ ~ v >TMZ. m 5 ffiff h 7 y 7 t tt o 
T , Ti <D^^4 mm 3 © ~ 77U 4 ft 

l^iRii>o-c3l#ttiSii,5. *<dR, y^^ffa - Si 

sttoo-c, tnmitzfvz y vf^-st t lx& 

[0 10 8] LtASoT, *HJS©JI!SlifcJ:ixti, ±E 

- SiK7^J;lKy yfr^tfa - SiBl8-«UT, T 
f ©fs#jtt-7---f' iiSSII 3 b©- «;*fl'&&ttkto\z.1&M£ 

tix, - v b-ivmi. (Di&\^mmi^v-4 mm 3 c 

*4V^Sft*!yiS:fT*3*V^*&ff)» 1 / 4 4t?«S= 
y^*«frfi«1-5Ct^'e#5©lf*>S„ 30 
[0109] ffl, *Hlfiw^lBtJ;5TFTKi6ig 

[0 110] <M2|?J£©^«>**ffi©^li}rJ3^T 

11, r 9 f 4 7V k y y ^ ^fflcofffBS^ggco^a^ 
ttr? i ¥mt u \'Tri i' 

I I- I I <it H J < " 1 "]f R 3 " 40 
• l«^»#)fiifi©TFTli]Sg^^7^SS_hM#S-t 
5P©XfS[-, :«»I«Lmto^tllt 

[0 111] H3*5,fctJ { H4tt, #litt©J&Sfc«5T 
F T ©IMXSWffiS^^-rSfrffiH-efc 9 , 13 3 (a) i> 
big] 4 (g) ©jiiirfto T TFT ©SgXg^WT -T5 0 
3fe1\ H3(a)t*i-J:5l^ #7«3iili, |?J 
* ft* /< y £ U y^ffit iotf^3 0 0nn-50 0!i 

UHL^ SII3 211, 7?7^Kft3 ia>f>®=F#fiftOj£ 50 
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±oT> 2 0 ran- 8 Oral (fix. if 4 0n)©H4( i 
SO© a - Si|£3 3£j£ig-*-*. *Sft©I«j5^T 

ft, w^SuSro^x-vcvDgllfcfflvv SiH<# 
*>H s #*>£lffl#*> LTflK ^fig £ 3 0 
OtfcU RF^y- O/^y-tfg^l 0mW/cii i ~2 
0 ObiW/ch' (i9ijx.fl 8 OiW/ca ) i Lt«lt s 
[01 1 2 1 ±ffda - Sill 3 3©gffi±!;=y 

^r/V 3 4 ©aa^JPSrff 5 „ ;0 = 7^3 4 ©SIS 
/'JOtt, =5/7-/^3 4%mfrLtzmwZ:a -SiBl3 3± 
imWL, ^ tr-J — Cio-CSRSra - Silf3 3±t 
^-tcffitf LTftft S*5 C i t J: o Tff 5 . 

Kir LTili^y-/H-ffll'\ 'Bm^V-yfr^M&P 
lH»t45±5^Lfc. r©i5f'LTa - S1R3 3 
©3Effi±C«llP * *lfc= 7 3 4 ©fit t ±12 T R X 
RFSlCio TiJ^t 6 t , 5 10" atoms/cm' &£ 

[01 13] s biz, WstrfaSfSiBflc*©^ 

*5V>Ttt, 5 2 0 TC- 5 7 0°CX 2 ft M~ 8 S#ffl©7^ 
tt, -Wt LT 5 5 0=CT4B#flfl©»a*ffofc 0 I 

Ta - S1R3 3<n%Si{£ifimfT+Z a 13 
(b) !OTvf£ 5 a - Si §13 3{lgi)ft^tlT^tt 

[0 114] L**Ue;a*f», ±E=y^3 4©S57JP* 
-Cii, a - SiR3 3S:»TiBft^f SfcfttttttttEjc 
S©*^^+5)-Tfc U , -g^/J^* (it m fflSS©) 

ftyi t*S it 5 JDfiitg ^ 5 7 0 T © »^ K (± , T'-Y 

gif gft©^i5Scfii±.er b^^fcfe, ^H^ft^Sfi 

ittfi©^ntJ:6 5 5 ovx4mmnMfmMcmKft 

b^5lS H B B tt^-Y*)l*3 3afi, ^fb®^co*{t«S'h 

[0 115] @3(b)^1-J;5!', u—f^3 

5 SrfiSitl-S ' > !C «t oTihfatt-T-'Y *K 3 3 $ b 
ic|g,ift**T, |g a E |S'7-4*Ii3 3b£f#5 0 '©t 
#©U-if5t3 5 t LTtt, XeClx^v-rU-— tf"(^ 
* 3 0 8 nui, ^/UX*g4 OnsecJ^rfflV^, u-lfjt© 
ffiW^tttt, HtH#M-^f*a«f*4- 2 0 0°C~4 5 0 
■C(F!ix.If 4 0 CQicftJiiL, x^M-M2 0 0m 
J /cm ~ 4 5 0 is J /cm (M x. 3 5 0 m J As ) t'MW L 
fc 0 t'-A-y-^Xtt, Zi7 7ll3 l©SffiT7-l 5 Oram 
lmn%Rm^tt£Z>to£$.m~hX&'0, 

faizftLxmuTjmco . 0 5sbi©^t yXimxmdiTE 

tSrffot. I-Jfefc*,. feHttr'i'«3 3a©ffiS© 
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^ r ii 1 r ir^te ^ 1 r j t ~t ie 

[0116] mc, m 3 (c)ic^-t «t i ±iaj£fltt 

7^«lf3 3b»^*fiiSitt-Srt-t\ x 7 f>^ 

7 h v*kti%mvr4 mms 6 Kft^-f 

vu v jteS-Mf 5 r t J; o-cff 5 <■ 

ft 7" ^ *M 3 6 «8lW*^7fc^ y 7 a 7 I' 1 o T»J5£ Ltc 

[0 117] ±EKft^-f*Sl3 6?rS5i5 
fc, 77XvCVD$|:loT, y > t Sr^tf 
a - SIR3 7£J&j£+5. :oyyt*!)itm 
a - SiSS3 7©jfcftfli, *Hlfi©JlJS(-j3^-Ctt, ¥ 
fT¥ffiitro7 = 7X-7CVDgtt*-ffll\ SiH. iPH. 

t^7y(BzU r ,)hi:m^^tLxm\ Miss 

*3 5 O^i LTfToft. a-Si«3 7 4> 

ir&^Ttt, PHi/BiH«/SiH,jEftJtfr3/l/l 0 

otit -©fc#»a - sifflt3 7^»y yfemn 

%SSfS) 9 , * P*0*£fcO . 5 3. 
[0 118] ^UT, Z(D^mX\ W*.tfS*S|l$Wf 

s Aaaiaffiis j; 4 5 o°c~5 5 o c c 

©}aSt?S^~4^M, i L< (44 8 0°C~-5 2 

o t roaa ■? 1 o #~ 2 a# m -e & 5 „ * ft , ±se*mia 
at-e^if-jaas^iwafflSi^roi^aasii. & 30 

jgUKds^Tfl, MriUS 5 0 0°CT- 1 RSM©ji&«$:?T 

t.5 0 o°ci-e3 o^-e(#a®*i o*c/^t)H-a 

L, W 5 0 0°C^b 2 0 0°C*T1s]«^ 3 0#"CP§ 

[o i t 9] r r r i " ■ 

K©Hi^gr^-f\ ^<gi,ftL*!/^S(#S®^ 
1) ' i t \.,-'r = t - ? l>>'7^1 40 

ili©ff^T*(±, #77.36«3 1 t LT, 3 2 0m 4 0 
0msrC'ff$ 0. 7mat©=i~-- yT'fia- Kl 7 3 7 SO J 

&Mm&, ±mm 1 ii*»Mc;}Q!7-ctM Lfca 1 o 

± 5 ft 7 7 (, ^ff 5 . 50 



[0120] ±3£©±5«&3t iot, jyrey y& 

t fcO : * r >«Srttfa - Sill 3 7f±£<giSML£m\ 
^ ©^fil^ - 7 tvK- jffi- 5 ffiCr h 7 7 7 s i: * o T , T 
A^ISIIttT-^aSlS 3bt©^^7-^3 4^|3{c)E 

t L-Cf^-f 5 C sy^3 4l».' 

[0121] ^cotss, ±ia-t t &li'> fSK3 3b^ro 

^ '7 7"^ 3 4 if f±, ±1W y 7 > * 7 : M k *tts a 
- SIDE 3 7 -ML, r«K3 7-CC0~j/7-^SJt^ 

SfiS*d4^-f3(fl*3 3c^#btlSc?5T'fc5c ir$tfc5 

0 O a C-ClPfffi^Pi' ; MS!-fe^-C!i, ^Ifett^-Y*^ 
3 3c4 ] © = -y^/HSt^-y^ y y^yvn-feSi 
I<??y yt^^Kt^tfa - S1IS3 7^o^^>ryu 

*», ;tia±MB#F 3 l«rl LT t> = 7 Tvu 3 4 

[0 12 2] C«tt»'^St5^* B B tt7--Y*8l3 
3 CO- y ^A«SSr±S SIMSCio TiJS Lfc 
kZb, 4 1 o' 6 atoffls/ciii 3 fiiS{C'£"ete^$liTV N 

Ma - SiJi3 7^^ B B B ft^^^V^J; SfcflJS&S&gfc 

ij "i. tL, - ,l -^,iJ:5^7^^IIIfl^ 2 10 
" atoms/ca 1? *> 5. ^1 r rojftfttSIISflfl i-*S it 

;8 atoms/cm 3 SJf Xh *} 4 ±fe?RMa^ ioT»l/2 5 

113 3c}rao-C^5^77-^3 411, v-y^-f Kftffi 
' i« t^SsTffft L ri x5fc«>, TFTOt 

[0123] ±M Lfrko K=. y 7-/V 34^> 

9 y V V L X - -y tr/umm* Kftofcyy^^lt 
£rat?a - S1113 7 Sr. ^f"77't5 ' > 

tioti±t5 0 -e 1 it 5iyf^Ht 
tl, Tg^^ftT-'f *8S3 6/^7f->"^ h 7^'t L 

-c+^mi-rs «t o i- , sift ^>r *n t +^>^ y ^ >- / 

ff>*££tt, affft'WJ: ?^*T/^ y 

•tUT, a - S1SS3 7»SLfcfl !tft^-f*H3 

ttt, +^T1«^^*R3 3cijlRtt«*.Sl : 

1 OOBHFjfflP, 7^ 7 h^yf-^ytCioTffo 
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[0124] M 3 (d) iC^i-l o JiffiSH 

fi/rY»K3 3c£ffl^T\ f^TFT«Sttffi«(«-"F 
ffi$) 3 9n, 3 9pt/£5^l:aL. ^ftEtf^ElSS: 

[0125] jfcfc, H 4 (e) fcjjW-J: 5 ±Effitt« 
i$t^*£ 0 %t4^«3 9n, 3 9p£ffoT, jf $ 2 
0nm~l 5 0mn("-mi 0 0 ntn) (D&ikiT'f f 

mi, z.z Tii±KT EOS £J®f4 H, tit #K5 
tSfiif 1 5 0t~6 0 0tl(&4 L<fl3 0 0T;~4 5 10 
0 °C) X\ R F 7 e 7 XV C VD&X-m ■±l«LTtf o 

[oi2fi] 3l#tt^r, y y^ffi-icioTfl 

l n, 4 1 pit" 3 0 ;rot ^A-i 

fcTa&fflK , r f $Sr3 0 0nm~6 0 0ni(f?!j;ttt"4 5 0 
ran) b Lit. 

[0 12 7] ftt, ^t^K-tV^|;±o-C, ±JE 20 
y-bti4 In, 4 lp£-?xy i It, ffittm«3 9 
n, 3 9p!C y >A 2*ftA+5„ K-fy^^t LT 
PH 5 SrfflV\ 5!JDjfttE£6 0kV~9 0kV(f(|tl±*8 0 
kV)t U K-X#Sr2 1 o" cm' 1 -8 10" cm' 
(0»*.ti5 l o' 5 cm' 2 )i-t-5. roifitiot, N 
^Y*A^TFT|C*3tf5NH;ftt1MH#4 3n, 4 4n 

TFTCOf^A-fMfcfeSo Pftt^STF 
Tld^itS y-^' KU'V^JlN 3n\ 4 4n'!t 30 

[0128] @ 4 (f) \Ctf1t i. 0 fc, 7* h U V 

y 7 7 -r is s - J: o t , ±15 n 7- + # /H t f t h n , 

mUy-~t°>?'<Dtz#)<D-?7-? 4 6%7* b V's* YX 

«ffi4lp*vx^i:L-C*^*4 7SrEA1-5. 

K-tryy#* i LTB, Hi SrfflK 
4 0kV~8 0kV(Mx_if6 5kV), K-X*£l 1 40 
o' <n -• 5 1 0 16 cm"' (0ijx_}±'2 1 0 "' cm ' ) GO 
ffl K-XSir-fSo :©lllciot, Pf-^r^ST 

n',4 4n' T*fi, ftic K- t°y^$nfcNlT-tt#)Tfc 

Siiy^t^^ft, i§fj&*y«4 7Ciotfi 
LT ■PMV>*m>Sffi$. 4 3p, 4 Avtm&z 
ft 5. MB^yyy-K-fc'yy'T'fc^ ifc, ^-h 
VIS4 lp[C-7X^ $^x*'>*4 7^£A£ft/ t f^gI 
«4 5pf*, fCPft^HTFT«ft^*i 
45. :»J;3l"C Nft^iTFTtPfT*;!' 50 
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STFTi^^ffM^ft&WT'fo^ 

[0129] fix, It K— t 3 y yvitvxn-** 9 k 

LXm*1Z7* h U , 7 ! I ) r -T '* , ' ^ 

SM^tJ-ict^vril, aif^ffl^fl-fcV^T, 6 00 

T, y-^' KWy®^4 3n, 4 4n, 4 3p, 4 4p(7)ffi 
=iL i? - , 1-3 T#( 'i'-\ J iJ^^-f'jfpi*4 l 
n, 4 4n»y- FjSRtliiO. 4 k Q/D~0. 8 k Q/D 

-cfc 9 , pmT-mmt$4 3 p. 4 4 P co->- F}gri«fi 

lkQ/O~2k0/GT?*>5. *fc, ^-MS^h14 0 

(Defeat iHBf tff^ti, F«RI#ro^^^ 
I o ] ;s i ] 111 

X' VU-i >fi!S4 3n, 4 4n, 4 3 p, 4 4piC F-tV^' 
£ft-O^S !) ^-Y^/^I«4 5n, 4 5ptffc«# 

4 3n, 4 4n. 4 3 p. 4 4p!l#»$it5 c +ftt>h* 7 
V*A>mi&4: 5n, 4 5pt«oT©^y^ y ^^*lffi 
ilJDt 5 ^ t # , Jt©yy#9^t ^-1p*-C 2 ft 

±1 LfcfR*aaxssri*i*7=-/Hfeac =t o xn 5 

[0131] MV^T, Ei4(g)tC^ti:9iC, If £ 9 0 
0nigg©iHt WMI£IM«&i4 8 h lX7°yZ 

JfM LT, AJRtfftW y 1 7!V% = A 
t (7) r.SiO }' i oTT F Twtl ffi^ 4 9 SrffM-f 
5„ lftffi©**#HftTt*iV^-C, 3 

50lC-ei«fHIWT=--rt'*fTV\Nf-r*A^TFT 

5 0tPf + ^;HTFT5 1t^H5. Sfe 
iC, iSJiSt^ft: LT, T F T 5 0 , 5 1 <b*f— bWM4 1 
n, 4 lp±!*t=iy^^ h*-^^KStTSfiHI:teLT 

St, rJlbOTFT 5 0, 5 1 
iStoBWT, TFT50.51 ±CHfty *SI#^> 

[0132] y=^.]f't= _-l amitzcMosm 

5tTFTtC*5^-Ctt, ^OTFT <0«#^mf «)« 
(1, N1TFT5 0T2 0 0anVVs~2 5 OanVVs, 
PSTFT5 1T10 Oca ! /Vs~l 3 Ocm'/VstiS 
< , lft«J±l±NMT FT5 OT'l. 5 Vgfi, PUT 
FT5 1T-2Vg.Itl bfc. L 

^t. mmmtm^xm tta*»TF t fc««t 
±<n< , y -^msEtf iftfc*ffiw^fc *j i pA^T 

li. «K«*fflV^iC#figLfc^*OT F T t Jf<T 
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[0133] akt)SLaij£^<>f r^iaa^ h 
ai. ?>tiT\ s*©tf t t it^x4¥t^mmm 

[0 1 3 4] hl:Ort< s ^HJft^ffilUJVTIi. 
#7*&l£3 liCa - SiK3 3 ^IISU a - SiK 
3 3 ©Sffi_hiC= y Tvl- 3 4 Sr 5 10° atons/cm g 
S^lf-rS, -ttT, ^ttmiMTH&l^S 2 0°C 

- 5 7 o °cx 2 a#r B i- 8 mmMmm^fi o^ti-x-o 
ta - si)i3 3<7»fb^foT:, m^-Mmmm 

[0 13 5] fcfc, ±EW— f*3 5*llltl/t«#t 

£#t?a - S1I&3 7«LT, ^iSttfffflfcTKfc 
ft 5 4 5 0 °C~ 5 5 CCroMftt 5 #~ 4 B$RJJ©MU& 

£fra - Sill 3 7 \L\±fa$M<r>ft&mZ e>-r, 

fefMfc U^tt (#ifl ft » w * * -cftfcft 5 . l fc 
flJoT, yy? y y^»****Kt3itmi-^i:*s-e 

[0 13 6] r«±5&f$kfflK,fcoT, iEii^t* 
!7 a - Si SI 3 7|i£<g ! Sfc£ft1\ 

feitt^^MS 3b+©=y^3 4*S±*|Rlt|Ria> 

SiK3 7tt, y^tJ:5=y^©^y^yy^fl!lft 

[0 13 7] Lfc^oT, *HffiW?f^l'i:^ia\ ±§2 

1 1 mm mm <om^ t mmi- , fy^vf»^ 
^H B H ft$-&^^Miaffi^fft3&^a*fe»ft i/5 4 

y ^/w*fltSrfi«t 5 i 5 ©TfeS. 
[0138] $ e>£, ±lEy-V? y v^frfcftfclfcro 

fefaft^ *IS 3 3 c^ffl l/^-C T F T 5 0 , 5 1 ^Mht L 

S<Hf 3o r 5 LT, ^^^/HS«4 5n, 4 5p*(c8 
# = -7 friv 3 4 LTffSy y V 3 >?%ft 
* \ -y ^ y t #fc*-C 2 -7 * 

[0 13 9] <^3HteC0JF^>*Htet?5^ii{^^T 
it, #7 ^1IJ:!:nIT F T Srftfi-rSBroXSK 1 

tt 5 t f t ii, _htan 1 3?*(oji*iB©*£ t 
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[0140] md&xvmett, ^mMmMlciotfZ 

T F T©»igxew«SSr^Bfan0-Cfe 9 , II 5 (a) 
' i k r If" I " III I- J ^ '- " 

Ic, iiii'/7X-7CVDStJ:ot, ff$ 3 0 0nui- 

■ u t ff ' _ j - ! tub- - )f ^ t 

5„ iikC, 7°7%~?C VDgiiC ±oT, J¥£2 0ra~8 
0im(^jx.5f 4 0nm)t?3»ft( I i)W*If ^/$i(a 
- SigS)6 3ij$ll-t5 0 

[0141] JJtlC. ±Ea - S11I6 3 tO«ffi±t-y 
>riv 6 4 »D)t*«J!ipS:tT 5c w©= y 6 4 cofAlgs 

I0;; C ^ ' L " - f. 4 £ t fr„ L +;^,ul- o - S ] R fi 3 _h 
|^ ' _ ^f* . Sil^f. iJ-i- 

ffi > L t i ^ , ^ © - y -T-^S^f^ 5 1 0 ppm 

Cft5J:5tUto ^oi^ftTa -SiBS63w^ 
ffi-kfcfifln $ tlfc- 7^6 4 (0«S Sr , TRXRFS 
t ± o TfiS-f 5 t , 7 1 0 " atoms/cm' T h o 

fee 

[0142] sbi^, rti^s sifitfasESiBft^w^ 

JoV^Tfi, 5 2 0 5 7 0 "C^/JP^Sg-e 2 ~ 8 H# 
IB, ^A.lf5 5 0°CT-4Btra»r^-^a?r'fT5o I 

©aoft&at'-fco-T:, a - sine 3coSiSt^o$^ 

fc-y^6 4CJ:oTa - SiKB 3»^Sft§n, 
H 5 (b) l^-f J: o ttStt^'f *1S 6 3 a t * 5 0 
[0 14 3] 0 5(b)iC^tJ;5iI, 1^— if*6 

5 *sa»i-5 C¥^U;7'"!' ^IR 6 3 a^rff^ 

6 5 t UT(±, XeC]x^v"^l/- TO* 3 0 8nnu 
/^l/^S4 0nsec)S:ffl^t„ I'— if* 6 5©ffl»*# 
;i, i 1 t 1 .iMni' ; i u o ( ism (rl 

il 4 0 0 °C) tioa ^^./^^"Sf/i 2 5 0 m J /cw - 
4 5 OnJ/cn (iH^3 5 On J /cid Z )"C&5„ '^l b 

^^mme 3b*iB**0fflWt-J-5rfe, x-y^yy 

«SI6 6©ffM!t, e^tt^^^Ke 3bi?S!l^y'> 

16 6 m^Sr^Jt^ y 7' y t J; o T W£ LfttZ^ 

[0145] \:mk\t>74 Ml 6 6 arS 5 i 5 
tc. ^XvcvDStiioT, /yK-y e «H>^ 

y y->y^&) a - Sill 6 7 5 0 $ btC I© 

a - SiR6 7|C#LT, Ar6 8 K-tfy^'ft 
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tJ;o-C*At5„ K-fcV^if* t LTfi 

1 0 O%0>Ar«rffll\ JfljI«JE£#Rtf 3 OkVt U 

: Xl,: : f l E 1 5 cm"' ~ 1 E 1 6 cm"' . $JxJf 3 E 1 

5cb 2 

[0 14 6] *LT, ^©tlt', ffljttfSIHJBft* 

tt 5 Aiai£S*3 i tM&ffiB* f$ (±, 4 5 0 °C~ 5 5 0 °C 
COfSJf t 5 5 4 BfM, j; t) t < (i 4 8 0 T:~ 5 2 

S*Tro#?iaffitiJ:tWaamfSi^©|^iBa«[±, '> 10 

h5 0 CC4-C3 0£"?(#flU£ft 1 0 

U «LS«5 0 0°C^b2 0 0°C4-CRHiii3 o^-c^ 

10 14 7] *«|«?**fc:8P-CHU -hte#7*M£ 

6 1 i LT, 3 2 0mm 4 0 0 nm-flf $ 0 . 7 amt(0 3 - 

^±3- K 1 7 3 7 £D7 >7=^£i/7 

f • r 7 <r "t n ; 1 i c t 

1 , £ 2 HiS<BJBfttf>»& t 7 7 

V'Tff?,, 

[0 14 8] ZMjVim&fciLiX, Jbl2a - SiJ3f6 

7 tt±< fcirffcSfi-f , t©A»^=y^/H-»i-5fi 
flf b 7 y -f 1 1£ o r, Tl roefttt^'f *K 6 3 b* n 

= y^A6 4^ H5{d)t^Bl6 9-ejS-*-J:5l-±* 30 

fa£.m^x5\$mzti&. zomi^ a - sine? 

TfiF-t^^ftAre 9*#fcfifflHM* 
* J y fc L , J: 13 /^^J^^yy^ltfra 

H'ff©Kft7--i'«Bl6 6T!i, ^©#IMsf tuftk 

[0149] *R 6 3bf© 

= y^6 405&iri4, _hl©a - SiK6 7^» 
L, rcD3^6 7T'©=^/Hgfi^{|iK&5 0 ffifc, f 40 

I n„ n i r . p b ;j b 'nsri - it r 
= 'T/Hf^, M^^gatt^SKe 3 
cimhtiboyxhb. ±.ML±5 o o°cti v$mv>M 

W-Mm^^Xlt^ ISiittT'-Y^lf 6 3c^©^^^ 
)il*>¥^^ !! y^->^T'fc5±.gcr>a - SiR6 7 
* ro - 7 *vM** & f±, fl¥ff^l©«ff«l 1 4 o T 

ii©feHt^^f!|6 Sc^-y^jftS^S IM 
StiUij^tfcir.^, 5 1 0 " atoms/cm gjt It 50 
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tTffiirt^tlTt^ 
[ 0 1 5 0 ] &(~, ±3& Lfc I 5 y ^/l- 6 4i?'y 

if 6 6 Ifi*. V t LX^mW 5 X 5 

i---tf - i ±j warn 

a - Sifi 

^>f*ll6 3ctaS5ttro*>Sl : lOOBHFSrffl 
[0151] -tco^ ±E*SStt^>f3RK6 3c|C*i(t 
:«Ig!aoT, H6(e)l^^i-J:5t, ftTFT 
* 5 ft«^ *Sa a B tt ^ -f UtR 7 0 Jg ft * h -5 „ 

[0 15 2ISC, B6(f) l^-f J; 5 ±fd^tt« 
« 1 4 5 mm-'r^ *« 1 0 Sr« o T b tfifttt 7 1 
Sr^lS U U t r iv % = r> AKSr/^ - - v ^ L T 

©«fficO*ffi*r|lWkL-C*iitKftW 7 3 tffME 

7 2 tmt¥>>B 7 'it %-?'Ai>> LX l-M^WiL^ 

5ffifel7 4, 7 5^ffM-f"5, Sfc, TFM^^jtA^H 

I- — if'Tt 7 7£$ttLT7'---vi'£:fTV\ 
SA Lfc^1*»^t i ±^ L fc^ffitt* K1MX% 

[0153] m^x, m e ( g ) \ZTPi-i. b ir^a 

R 7 8 trffM U - ©SraffeltK 7 8t3X?^h*- 
/^IfSLt, TFT0Oy-^lti'E^7 9 fc" ± D 5 K 
l/-fyIft'I[!i8 0^)lt5 o ^LtMC, it 

^4-ffV\ l6(g)i:^tNft«TFT8 1 PjE 
f,t£^Z(DXhZ> a 

i o i n l ■ i 1 • ^ H 

- HI r 1 I _ > If I , r , d Slip 

6 3 GDSffi±C- ^ 6 4 Sr 7 10" atoms/ca' @ 
S^p-t^o ^?Stt»il§lT5lfc^T 5 2 0°C 

~5 7 0tt2 iff]- 8 Hfffl jpSMaSrtr 5 ' t ± o 
Ta - SiR6 3®S,ift:*rffoT, »/]vJS^f B ^|g« 

LtigStt^W *flt 6 3 a£*§ 5 0 
[0 15 5] _bfe t — -tfdfee 5*JSffLT, Bffi 

g- H B B ft t J; o T#f, JxfcSfiffi^'f *I* 6 3 alr^lB 

Sfttty ^*R6 3 ^b!:;yF^»a - 

S i S 6 7 ^rff^ LT Ar 6 8 ^ # A L , ?Fgtt»HflvT 



(17) 

31 

!CfcV>T4 5 0°O-5 5 QV,<DWL8LX*5ft~4&?H<DlX\ 

5"c/^±»^£-»SigST'it't 0 r©to 

SiH6 7ll£<8M;£iv?\ %<D%.m*-yfrM£ 

3 b f © - y ^ 6 4 # ±# [S] ffl i»o T 3 1 1 £±1 £ *l 
5o *0>*fc, a - SiH6 7-ettK-tV^**lfcAr 

[0 15 6] LfcsS-oT, *|fft©?KtitJ:ixtf, ±12 10 
fe1>ii^Sf§l6 3b^^^6 4©%m, ±J1 

*»co^ i / 4 1 t*$®~ y T-jummamt s r £ # 

[0 15 7] EUT, ±|E&£*OJ8iBfc*5tt5#»Wfc 

«(±, *6»£lg(#7*£8il. 3 1,6 i)±fc3gjSSJi 

fc^l©a - S1J13, 3 3, 6 3 jC^©gtIfb<H£3I1- 20 
SttffiS* (=?^4,3 4,6 4) U SB 1 

jRiaat ± o t sifififcfi $ *fc«tc JHtw x 

UK 3b. 3 3b, 6 3b_LS'H2£Da - SiR7, 8, 3 7,6 
7 ^laitTfg 2 (TJjlJBfJMO.aSrff V\ Hfttt^ *SS 3 b, 
3 3b, 6 3bt©tejftS**B2Wa - SiR7, 8,3 
7, 6 7^£#ft£it5k0-e*5$o 
[0 15 8] -tO»^-ttett5±ESS2©JpSS«mS:, 

12 <3 a - Sill 7, 8, 3 7,6 7jJS'>#< i fc^tC*S 

lit L fti vRffiTfT 5 r i £E#H*©Jgft|i*ift 
5ictWy!^iOt*5 £ ^UT, I2f?)a - Sj 30 

K 7, 8 , 3 7. 6 7 m&Vm, TS^iIttT^* 

BS3C, 3 3c, 6 3cm^-x*mmm<ommm 

iMt^ ( J , iL r ri^L >h i rj; i - 

-' j J- rb 'I ^ ^ J f i 1'f\ iK 40 
tO 1 5 9] ±BM2(D^ieW / r4mmi^SsitLtj:^ 

-ttsc-f^fc^yy- y ot t 

Til, ±fE^«-e«)«iiS5c^l-*H-SHSStffi©ffi« 
i t) ±ffT, i © 

/r>yy y^ffl)*sfc5 0 ^©ffiiLT, i:E 

i i vjy 7**5 £ 5 ^»&5^»,iFjr 
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[01603 ±E&j?-K©ff«i^-m, ^y 7 y >- 
vswt Lxmtm2cn & - sm7, 8,37,6 

7 ££M: S-&ftv^«-c3R*aaS:fT 5 r tx\ m 

50Tfc5. 1"fc:b*>, !S2©a ~ 51117, 8,3 7,6 

' T " * s "I " i 1 ~~ 4 
3 4, 6 4t*H*5flWf^ htftD, -S"77V4,3 
4, 6 4^^H B Btt^-l'*1l3b, 3 3b, 6 3bi 9 ^ 
ii©|2 0a - SiH7, 8,3 7,6 IX'Yyyf 

?lffl + 5Ti«^itt^'fMl3c, 3 3c, 6 3c*»«J 

[0 1 6 1 ] _tta^2©fla«lfeSi:LT!±, ±fflH2« 
a-SiBf7,8,37,67 < t fc^KiSfift L 

te^ViBXfi oZbX\ ..mn% 2<Dfy?9 

y?t^5S2(T;a - Si«7, 8, 3 7, 6 T?&&&<0 

S*U\ -wj:5t1-5it'C, iHIH4^'1'*ll)S3b, 
3 3b, 6 3b*»-^-7-/V4, 3 4, 6 4 £M 2 (7) a - Si 
m 7, 8, 3 7,6 7^»S*S^y^ y y^lS©^ 
JBiajtcjav^T, ft^Pfiwyy^y^^'W^-f h«rf*f^ 

bhmmteoxhZc 

[0162] ^p>;^, ±fla«iii7c*«^y^y vm* 
k ±tf sfcfeiiii, i:ie® 1,^2 nj£©^ss© r i 

S52Wa - SiSl8, 3 7 £ BffiB^feSff^tircS 
T-fcS y yfr^WS*5 - ti s **i"tai?*)5. - o 

t%ZbX\ m2<?-)a - SiK8, 3 7ir*31tS«l7E* 

t hmmmzzkftx-%, Ti®stM«t ttzm 

tt^-f *lf 3c, 3 3c, 6 3c',Cio^Xjz$ < ttKjcKW 

[0 16 3] ^©SftBSJSSrfflV^fcyy^Uv^ife 
fi. ±E#1¥ 1 0 - 2 2 3 5 3 4 ^fl, 1 0 

- 2 2 9 0 4 8^f6fcJ;imi¥ H- 3 1 6 6 0-t 

f 5 m B St* A L fc ^ 1 1 J; 5 « Afl^ t im A 

^^K^-frsmi <o^y ^ y yy*#ffl)^Jfflt§ 
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|2©a - SiK7, 8,3 7*©W#»M 

m#>m*M b mm Lt-m 2 ©y y $ y ymmx-h 

5c i LT, fg2©a - SiK8, 3 7 -© 5 Jf=B7c*© 

u , $ i © y v 9 y y t 3? 2 © tf*j $ y y 
t c t lasiSfitasiaoT, ± 
-o: § m-m* ±hmmizik^xx% y 

[0164] j-J£© I 5 L-C#e>nfc*gStt^>f SIR 10 
3c, 3 3c, 6 3cS4, t) , teSE7cJt?©88£flfi& 

y h iz £ 5 7 ^ f ^ y f" > Srff o X m% L X ^ 5 
$ * 5 if trfto x t , 

v\ £9 v-tfTftlfflfii: LXti, £b\zWMX<D 

»5c*s:ws* £ *t -> y ■D-xf Ktt* t -rmmmt: 

ffoTt, #M¥1 1 - 3 1 6 6 0 0 
- 2 2 3 5 3 4-f^S*3J;U ! #H¥l 0 - 2 2 9 0 4 8 20 

%<Lmc&^x%ibtitzx o mm-nmommmit^x 

[0165] 4fc, 3SRJ£±E*iaft©JgSKJ:o-Cfc 
bilfe^^tt^-fWS3c, 3 3c, 6 3c*rffl^TTFT 

* fM t fc t r 5 , ±se#&*& =t i«©8» ± o 

XmmcT F T SrfMLfcStelCH: 3 %£t-t©**T?jL 
tlT, IFJ-0%T'fcofc 0 ±EffcaLfcTFT 

fd«as^s^««LT^f^«»»^a( K7-r ^ 30 

gpt^f-yyy v^TFT|es)^^7B#«y-^«^ 
tm~k& '^mim k s * 6 z t & x # t„ 

[ 0 1 6 6 ] J „f ' ' tj. - b-^m F l l - 3 
1 6 6 0 n ^ a- 1 f^lf <£' - Pi * - ft SSi&tt 

^SlfBOb, 3 3b, 6 3b±KJgj4*tttWJ»a - Sill 
7,8,3 7,6 7-iiM(lWr«])i«SM# 

SI£rffii\ -5 i ^Sffsfb ft"J i f *^C»&a4rffl 

^ 5 1 1 -e±.t an 2 £0 y y 9 y >• y^ffi ^ttbU ± 
s © y s/^yy ^ -^?t45w y>oi?s 

S fc, r © «t 5 y ^ y ^^i±, -?:©y 

■y^ y yyE*(tt«5E*©^i)l-^f St)r±iB¥»© 

^t^Sfcrt, #P¥ 1 0-2 2 3 5 3 4^fgfcJ;0 ; 
ffW~ 10 : - -' n 1 s -:,f-^ J: 5 4-««4flt^ 

& 0 r<D^tn, eiafcstMiSNfraro&a-e^s'^y so 
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*s^a«rtf b m 2 ^ * y > ^ffl sr5i # 

[0 16 7] $T, Jiie#^te©^ffi^*5^TJ4, ±ii 
I - > t - - * ' - l 

>'!-:--"' 7 1 • " * . 1 1 'i.'^|2:')d - Si 

R7 8 i , ' r =• i r7.1t I A I \> 

Mx\ r-i ',i F |,- Sitte^m-VM 
m^mfrfiO'&wtf-hz. ^©fc^sitt, ±ia^2©a 

^^Tilfc5^\ TK*sfiq£1-5« ifei,tt^^*K3 
b, 3 3b, 6 3b*©-;yy^4, 3 4,6 4^2©a - 
SiSS7, 8,3 7, 6 7 C^tSl £*6rift£'lt©&S?IJl 
•BtP^IiftlSPM^ST'foS^^ fttS*L^©f±, gfs 
tey-f*K3b, 3 3b, 6 3 b4"©^ y ^T/^MMtB 2© 
a - Sill 7, 8, 3 7, 6 7 ^00=. y ^AMrM. tt\ '>4 

< t t»vp^|i(7)ltff^l t ft3 J: 5 *APfflfflJE*5 J; 
^PfiBfffi-eff^nS r t T*fc5 0 Z. ®^ffiT-y y ^ !J 
> ^'f^ffl f±ISfn L fc tt« t * o T J3 !3 , * t * < L 

mxn, ^mwimmmxh'o, 

[0168] w±<75B«a»e>, yM%2(oM^Mm^ 
it5*8gw*aii^#i l-ch, Jn*asa t 4 5 o°c~5 
5 cccoiefflrtT?, 5^vj^4B$w©®as#rBit'tf^n 
artisatu^ emc, M2©*D»a(c^it5^ 

t y y ^ y y t ©M^ (HlfcfeS) Sr^-T. 

tires' y^ 3 «A$ tlfc^sfsffiy -Y * 
Rtti^T i o o nn) ©Silt4-y-7^ y y^t5(«i¥« 

fcitw^fi-fi^SS^^^ If^ot, ¥?9yy 
1 0 Oratt+^Et-rfea. H 7 i >3 , 5 5 0 
r.X*mtS 5 5^, 5 0 0 °CCf4» 3 0 £\ 4 5 0 0 Ct;1i,tt 

2 4 o^SSty^ y y^^TtJS»^«i*5. 
y ^ ^ •> a y ± r* !± , =t tt ^ v x ? v 9 y y 9" 

x^^iomm^mhtix^^K mim~? 
^r;u(DmBM&.'fXff^mmft>^x\' 6 1 m\ $ 
t<D^m^rm' i &6 1 © t 

[0 16 9] 4fc, ±SBH»©»^(ca, TH©^Htt 
^mmkfS2 oft&ftfr -< *1» t © II t § ^KlbSI w 

ft Sr^T ft ^ b PIS L T V ^ ^litt t fe 5 . 
[0 17 0] iTOMSSItfc^Til, 5lB©xl 
i LT y > SrjgALfcB 2 ©#1K^ -f »!I*ffl^TV^ 
±j£©J: 5ft^2©10? L1t±ii>5:t 

-c, -tmm 2 ©y y 9 y yyftm&w ^mtzt ^-et 
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SJ; 5 iLta <o , 2 ©^St^ Util t LT / > K 
■. : t"-5 5 0T:©iS 
[0171] ei 7 Kijui, ioiasffi 6 0 ccen 1 £ 

" i tL^5«JI£tt^<fe-5 0 £LT, 5 5 OTCETPC 

coy ;y * y >?imm % mtz i So * 

y V hoW^^mSrnirxt LT©ftffl!iSiU\, 
[0 17 2] S£>fc34L<Ht, ±Ef5 2©JP!R«yit 
LT, #5^Pfiitit4 8 0°C~5 2 0°C©iEfflrtt\ 1 

©7^T^7Vhy^xSffi^*>5 c -t LT, ^©v-jf 

— k(# 7 a, b y 9 ycofcft^Mftii" 

ftLTJPS&a£?T5^t«»I)flU\ URIC, - 
«ttlCffiM**lTV^3--^^tt3-Kl 7 3 7©# 

7^KS4-fflV^-i#-^, 6 0 Oram 7 2 OmmTlfS 0 . 

7 mtCtt-g-Iili, ttl«M 5 0 0 TCT? 1 - 2 B#ffi©A0 

7 * IS ^ 5 K *s f 1 5 ft h X f j!c RSJB ?±m»l- 30 
[0 17 3] ttfll7C*£KJ¥;£ 
it t #f jcfi < Tfc#, _hffifg 2 ©M£ia©M?SJl 
*I! © # 7 * £& [C M L T#i • i cffitt © a l ■ fcft © T 
80t-5 2 0°C©4SHrtT\ 1 O^fe 2B#ri©^a 

^sgT*n 2 ©mm^t 5 (Dmmmr-hz t m * 

h„ - - 40 

7r h _ it * l ^ ^ _ f- _ 

; »nfi -l4 2 ©# 0 B p|f ■rw MStfcv^-c^iiS© 

T'&3. 

[0 17 4] ST, ±Kfj2©aiflMQ ! at33«t53£«© 

ini '.^ssT©n-?tjigfcj;^aajS!i, *io 
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Cfc 0 , #7^M£^©fS:6W -'^ ! »t5 t * 
- . 4 it* r , i - ( ' ! 1, r r 

Ti/^o 

[0 17 5] ±B£2©M8! ! S£, lEl2©a - S 
1117, 8, 3 7, 6 7 j^^zMSttkL^^tt-xrn 5 fill 
©aftt UT, I2©a - S1M7, 8, 3 7, 6 7 

+5lS±rora«as*5. tfcfcfc, ^2© a - SIR 
7, 8, 3 7iS:|**1-5iaic:t}V^Tf±, 7^*yjgiRS: 

Kft7--f*H6, 3 6, 6 6^^LT^t^3i^^y^l 

tatft, TMAH(f I-7^f^7>^9W 

[0 17 6] t*>L*a«6>, H8(c^i-i:5C, 3.©J; 

!±, * 4Mmm$hlkt% 1 1 v ^'©B#M >st © 

LT, ^©i^ft^y^y^^/j^-fSt, ftl^tetc 
JiExy ^y^aSJiT F T©f-^^#ffitffa:t§ 

5, Lfc^oT, '|2«a - SiH7, 8,3 7,6 7*^ 
^Zfaislt t ft^MK'-htafg 2 ©JP^M^ff 5 i t 

|2©a - SiK7, 8, 3 7, 6 7 ©ji^IgiCff 5 

[0 17 7] lUiatrii, ±S^2©a - S1S17, 
8,3 7,6 7#f< e H l€L4n^ftT±fa^2 ©*Pffi 

■e&5. tfc^oT, ^2©a - SiR7, 8,37,67 

©?gflffc:^±<fi^ftv^*#Tifeii2©af*a^tf 

?:tf;ioT, '^2©a - SiR7,8,37,67©^ 

s/ ^ >■ ? m t *j 1 1 s g !§ ft © a ^ i - «t 5 ^ 5, f - y ^ v ~ 

«5 0 |S) X B9(a)ll, ^yf-^^&^tJteyT^y 
^tfK*}rt53f2©a - SiM7, 8, 3 7, 6 7«©S 
SlT'fe^ B9(h)lt »ffi©«SHTfc5 c 
[0 17 8] r©f§iS©g£j£iM-f ±m 
g 2 - =t _r _ i T *- i |J - * LAMrOV^ > 1 
tft5 5 ±ffi#|g*<0^ftK*iV^T, J:flaS2©Jn«W! ! 

a*ft5i@», i ±i L " - 1 ft 

mffiSf^sfffiff^s-w-rsr^f©^!', ««iS^jp 
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yvmi o&zxmi 1 t^-n 

[0 17 9)01 OtiSl^-C, 5$*-h9 3CSfi9 
2/^ltfefey hJhtl^, CW**-h9 3*S, 5£ 

3 0 h 9 3 SiSffi 9 2 <D± y Y^\Z\tf- z^-rf 

-> a y 9 5 2 0 OtflST'^lf^ft^tlT^S, 10 

^LT, ^W(A)^1-J;^i-lSff9 2fc7>-v?Lfc 

b 9 34ifa^9 1 rticAoTff < 
H*&£ft, ^t7 = -;^/->9 6rtt#- h 9 3^ 

Sli, h 9 3 t^iiy-yT*^*-^*"^^ 

[0 18 0] lE5JEfa-^9 
1 ©•rffiflMJWS* !1 1 1 (a)!i^t± 5 »£9 2« 

t> -[§] 5 C £ -Cfc 

§ 0 feW^fflror ?f^7Vf.y^ ^stRSScovD 1 - 20 

*, :o±5ft7T-*^l?o5^a-^ii, Hi 1 
(b) 1-^1-1 9 !iR^T?&5©!isaft!-cfc5. r 05 
$^-7*9 7iC*EJf$C0lffi9 2trfey hthk, BfE 
^HT, »£9 2 £?-^-7*9 7 £»Wfc*£fcKM 
9 8^t5ittife5 0 ill(a)i^t±5 

-c£3©-t-&6 0 ±«#iai0$i§fc*s^-cii, rof- 30 

^-79 1i:lI9 2i »PJ> ffl 9 9 ft #-f ^ h t 
[0 18 1] iiE^SfiW^Stte^TS, ±Efg2« 

tJV^Til, #[C6 0 Oiin 7 2 Ousmf-^XcOJ; ?ft7tS 
<D1Sy^ SR t St L T „ HBRtf:±3£©,fc 5 ft¥^#PlfI. 

.1 £|M -7*7 1- 2 %1 0 0 ( 40 

i^K • , 1 ' =1. ^ -r- 
[0 18 2] *«PJ#bi±, rroHeS:«|fti-5©t, 
f^™7"9 1tltt9 2t C0^i»^H 9 9 £ , Kffi 9 2 

£ Wit-fey h-rsS^K&itSSS* y^9 4 

f ft^7/-*~T*$>3- £&j?Ji}L*: 0 ?t£t>t>. # 

_ _ £ ^vh 

fc-e* 5 a>-efc 5. h i 1 (c) ±iam 2 ©mms 50 
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^tJsitS^BB^^roatnSr^t- 9^-7*9 l co± 
asi •Jft^^tLfc^H^^^ i o on, 1 1 

SjS9 2tOiri9 9MoT^10 

- n[i . r di - ii i K . fii r I 1 1 J 

i 5 fi^tuatf. r i o o <Dffiti l o 

2 , ot n Xft 9 2 SM^©#Hla,;#* l 0 0 cofl&j&i: 

*#**t c £ T#»aa* * Jhtf s r t , jlo, 

r > dST'f 5„ -r 1 0 2 7? -««H n « ^ 

an, sg9 2 tf-^-y 9 1 1 <r>m 9 9 1 0 1 

»7jfSj^tb5#ll^^^ 1 0 Q t?*oS I'itfij u 
t°yf- 9 4 ©Z^JCJt^J-fS. 5cfP 1 0 1 

9. ^^-7' 9 1 £fifi9 2 £«l#;ffl 9 9 Sr 1 0ma~8 

ii, SR9 2|cflSlSffiM^«^WfffiSrt>^^'t>f( ; 5' 

[0183] ^fliftfi, iiEPf W 99^1 Omft&LTro 
*H-t(±, ±12*" h 9 3 £x^-7'9 1 t(OW(^S 

Kt LT8£*^5*/h^^4 0 On 4 0 Oaim 

v ^ as« < , n ft 1 1 5 jaa^ & v >fc » t- 

5 D ^UT, Hfsl9 9 tr 1 0 mm~ 8 Omn^-fS " £ t=t 
ot, S«t"yf"9 4(DgjIffc£^-frr, ±E^2C0 

r £ , * - }■ X<n±Mtf 7 * MUl'M IX 

t , titles 9 ©it ufciaaa* 115.^ t ft 5 o 

[oi84] rnii, m 1 1 (b)ic^tJ; 5 ftfi£*wR 

r£T'feS 0 SfelEfi, 01 0*i±TJ«Bll l fc^-f-J: 9 
f - ^ y / <flf fit eo igfSRgg ?r ^ 7 * ^ « i-o ft t\ m m 

^MMio ' >x\ i-fihh^/^f^y^it-f^^t 
x\ mi-M^^Mmjjttttmikmmtt'hz ft 7 7 
Fry yh-c*a-f5wtasi?#5. -fft^t^ ^15^ 
2«;jo»aM»w^ss«£L.T, »ii^t*T% 

[0 18 5] Ji|E#^ffi(75^jili*3V^Tfi, mfv9 
V y-?<Dtzib<DY74 ¥y?'7 t-xit. 
a - SiSi7, 8, 3 7, 6 7 * ©fcBi^WJ^flHjlBflMM 
b IJI1 L fc ±EH 2.<nVy9Vs 7'\m Xh'6,, L-fc 

46f 2©a SiW _ . i x i 

•f • 1 0 - 223534 ^<&S, 10^ 2 2 9 0 4 

8^#$5j;l5#|i^l 1- 3 1 6 6 0f-i>#«J; 51- 
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2 (0 a - SiSlS, 3 7 1 5RBd»?>»tfnfc5c*Sr$ b 
T\ 1^2© a - SIMS, 3 7(Ii5itSttK76*CO@f§Jl: 

_ n g> i- - - I - ^moym^loX 

ihJ--^^i(t4bUEf i ©y?* y y?\m) 

^«R3b, 3 3btc*s^-C*t<ftb«5c#©llt»!t 
Srfi«t5CtiiT?t5O-efc5 0 -f/ffc*,, ±JE» 1 

[0 18 6] ±E5lfiBd»e>jltf*l57C*t 
LTft, !)>(P), s*(N), t|(As),7>f*> 
(Sb), tr^-r^(Bi)*>featflifc / >ft< £ *> — ocDjg 

5 5 s :©^'^!)y^)^ = £H LT 
11, *fd1£U^lJi#btiTl^^\ Iftb©7G« 

[0 18 7] ±E!i >-5"&#-f 5^2£Da - Si 

T, Slcll?£)f 4 0 0lCEIlT-e©^9XvCVDife|cJ;o 

T^stsit^a*Li\ y y^#r- f it^«Hf-i# 30 

t £ * 5 C ill t -Y * V K~ t-ffl 1 ^ tf\ 

#x t 7 y ( p ho t &mw* t Lt-f&m 
£jmm>m<»>rj mwmbii, sty y<*>K** 

f-E.-t ! >Xi SLTl 5<? "-c 40 
[0 18 8] &bt, ±E^2H*CDf^cO^-a-»j;5 
5SB^b^liixfcS*P(y y}£t$m2<Da - 
SiM3 7 S^btdB t>£*£-frfc»££H:, 

©«5£«»@^S©^^IW LfcfeftSBSy y * y 
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d £ *, * y y?i/v-!rX'fm7L= ifi 

if tti bji < 9 , ^fcs^jiiwfiH' h^w^s^y 

[0189] ^#©*^W7V/j\ J: t) y y * y >^'fg^ 

"11-^ : ~-~ - lit.* ' L 11 / i' 

}c/i5 0 ±IE#HKcoJt;l ' i, 5 Pfeto t 5 * v ' ? y 
y?*M ViMLtzi^. to&*mZft ±.i£<0 

x 0 hwm Ltcw, 2 v>vv $ y 

!-:iM2ro a - SiSf(CP(y >Oi'/jRxTB(*r>|t)t^ 

f^tS;ii:J;oT, J:'^t4^«7£*©^7? y 

> '/?mm § w t » 5 T"# , gttta^T'»«i<7t^is 
«fi«SrH5r i^-ct 5 0 -twit^i'fcitsy 

^*£*^#-r5H2fDa - SiR3 7Sr$J*1-5£ifc 
t LTtt, '>*< t'bv'y^CSiHO^Xt*^^^^ 
( P H 3 ) # ^. t v 1 ** y y { B ! H b ) fJ 7. ■& U Pt H * t L 
t, f&m&lS. 4 0 0 °C&,TX-o^y X? c VDfel; i o 

[0190] ±fa#«.»©?i?ffi}c^it5iassrffi*5-t 
wffiw^s t lt, ±ieB 3 nsrojBiswr t < , 

?U^/'»^45i2«a - Si!£6 7|:r^^ 
( Ar) , * y 7" h y (Kr) , *± J V (Xe) i> fcSfiixfc* 

s * 5 c 1 1* tar- a? 5 0 
y > ^ v-y ^ <D%-ie%>r4 W$&. ci ti b s*^ 

©#r^-?'fo 5 ■ {iff t-f ht=J:5»20^s'^ 
y v^fffl^^t^tiK ot?*>5. tt 4 
-WliSi^x/^ffl^S 1 cc)^-lf"C- ; t>J;<tobix 

jfS^ssriatL. t^-k- 1 * Tt- . Dtxomm 
m/m < * *> ^n^ro- 1 - L > ? 4 1 s„ 
^©fc r maw, wmizmz f v 11 1 
?ff>w,2 <oMM4 mm*, i. '0 nvtmot t x 

#-5d>^X"$5coT*fe5 il Lfctfot, cic.)J;5 4# 
#*7tSf Sr-hEff 2 <D#iif ^r-f ^Ri'^W^ *5 1 1 

fe^^©T'fc5„ dtLb©*^'^7C^C0 , PT-ft 

[0 19 1] I©J;')/ f j:^#yK*^tfJ»2roa - S 
i!S6 7^fMt^mt LT!4, XyXvCVDftC 
iotMLtlc, -i^y Y—¥y->f ; tkKk.-oX%l3 

* 7tm 5-K r f £ k— e> x-r 5 mkfp a* t v \ & - s 
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iffif Lfcft, K— t°y ^ L,-C##X7G*£i* 

At 5 r t x\ zmmmz-z i 9 < - 1 # 

* K-t°y^©im#*l±ft#xX*fc 
•3 , MS 1 0 0%-C*>5Ot?, 1° y 

[0192] £-c, iEfcHSroJBUBKti^Ttt. Mi 

ffla - Silf 3, 3 3, 6 3t-t©JBfi{t*{EiiS*5«! 
'V % « _ - 1 CJP B m >M U ^iilt:$*T-f« 
^Sroffitifl^i: ^5fe|lt4^-Y»ll3b. 3 3b, 6 3b 10 
JbfcSS2<0a - SiJ$7, 8, 3 7, 6 7 3rRtt, r»l2 
CO a - S18I 7, 8, 3 7, 6 7 ^WI%«£#1J)£ *5 t> 

2C0a - S i II" 7 , 8,3 7,6 7 W\ XS^i^H £ ^> 

5 0 iot, ;©|2©a - SiflST, 8, 3 7, 6 7 111* 

3 &gas & 5 *s, * <0 £ KTI i 4 5 

Hf^-f »S1S3c, 3 3c, 6 3cSr»Lfc4*, ±H»3? 
2c7)a - SUI7, 8,3 7,6 7ro^iK*t5^S^fe 
5 0 ^©fcftfcLH:, Tl©eStt^*R3c, 3 3 c, 6 20 
3cfc_hJf ©fjf 2©a ^ Siil7, 8,3 7,6 7 i»W"C 

l o 0%i£v^7f-^»tRJt£i>ofcs- yf-yyim 

^TH, ^S#fcfc$»iB,tt^*B&3c > 3 3c, 6 3 
ci^2©a - SiJK7, 3 7,6 7 fcrofflt, 3520a - 

SDK 7, 6, 3 7, 6 7*SS6*-t-5BRro^yf 
fc 5 !J TSWIfrK if 5 C i m%ix*h 5„ 
10 19 3] *0*g-t*irt5^yrS»«i:fCH:, ± 30 
fdM2£0a - SiR7, 8, 3 7,6 7 trP&£1~5l^<D^ '7 

T^S £vg/j? fesm ji^tftt? 5 ^ . :^,^r$^£ 

aiitTTi«^a H att^'f HR3b, 3 3b, 6 3b^b± 
160^2 ©a - SiH7, 8, 3 7, 6 7 ^kMkjlM<0® 

ft ^ f t ft s &g ^ s 0 r © ttKjt* o W * Pint 

CD a - SiK7,8,37,67 -»tt«7C0©+^it#») 

nff^n-f s ^ ? * y y?m<mi> ~ t tt-cztiw 

tLi? a r <n L o ft g , SttiSltoSJIte^ 

MS 3b, 3 3b, 6 3b£3&2©a - SiJg7,37,67t 
■ ICgStj b*i5^!/ T*Hi LT!-±, 0 A£TF 

©Kft^ il6, 3 6,6 6SrfflV^5^t*SS*U\ 

v^5 0 w©tt©R)fAS5 0AJ:!JJHtiiH:, X 
EiS'fi«iiWgriltt^^««S3b, 3 3b, 6 3btf5 2© 
a - Sill 7, 8, 3 7, 6 7 t©MTll^%#«+#fc# 

»mrfcft1\ MS««i^*^ y y^SUilib 
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[0 19 4] ±tc=&Sft»^li!^V-T, _h3iteU.-=} 
!cj;oTSirfc£ftfc^Xlfll3a, 3 3 a, 6 3a«Ss§ 
LI ~ \ , It ^ ! t 1 1 -4m *\ +"r1 ^ 

$tlfc^-l'*SS3a, 3 3 a, 6 Sai^LT, S tjCftiS 
tLfc^-Y*BS3a, 3 3a, 6 3aK»fC, * b(-«fi(8 

oot-no o°c)T"S»a^if o t t mwmz 
xixzimmsm ?• ^ ^ *i* * & ^ . 

SfSfnSiJSr-^ 1 ' • -1- .a m h ' t ., lH n j j 
5^tis-«?#5„ :«8 0 0t-no 

o v<DMuxommmi:?f o umxit, ^wmv^ 

[0 19 5] ±E^^l©ff?*li'^^T#bix5^iffi 
^*K3a. 3 3a, 6 3aicy-f 3t5. 3 5 , 6 5 *rffi 

«■ Lfc»^, e a %tt^-< urn. t wm^^f #BSi 
fl:««) t « tm * n -a c > tc 4 s . t , 

J; o X&mm#*!M t Sfi^ffi CIcT *g 

*gif B tt^lrt5^'l'»M3a, 3 3 a, 6 3alc*fL.TU 
-fife 5, 3 5, 6 5 SrflB»S*5«T?*>5!i>f>, ^b b h « 

[0 19 6] {St, 5fe^"^)tf!?.»&a*fO 
XStt, ±faffittfI«ct*5fe H Btt^^»ff«3a, 3 3 a, 
6 3a±tf52iOa - Sill7, 8, 3 7,6 7fcs£tf5X 
gOfflS;, t^Cp-b, ttjiic|lf*IS2«a - Si»7, 
- ■ " h - - ''-"'j Fdl- 1 >:i:,^tl 

v\ ^«as;i, te«7X*(' iSHffil^bxitbnfc 

ftStt^'f3l(Bt3a l 3 3a, 6 3afcV"-if*5, 3 5,6 

feX"fc5 D ft^ttta^at, ->y f-x Ki lxomm 
■wmmmzztz&xhZs ■immmo^^mm^b 
m&^m*MWi<>fy$yy7xM±ixrt, : i i 

T»> hft o mm± l < , * 5 1 s c t x o xmmm 
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W yfiV Vif-k'ft oZk tftl* 5. »iiW5t, ffv 
A 1 L ^ _ i-T= l.' K 

x •> y *h m u mm^\mmm&wz*z-z> 

[0197] £ T, ±E» 1 © a - S ig 3 , 3 3 , 6 3 

iC m A $ tl X * © S a B B fb £ * 5 fc * ©MIte* t 

4, 3 4, 6 4©ffi(C, 3/^h(Cfl),»(Fe)A7^? 10 
A(Pd). fi^(Pt),if^(Cu),^(Au)^lJffl1-5rt^ 

^©^-Ct), Htny^/H, 3 4,6 4%m s td&frtZ 
1 1 llft'M^I^ Z k #H £ 5 „ t ©S* ICO^T 
l±, ft© J; ? 4tf/H:#x5: i 5= 
[0 19 8] 1-fcfr*>, ±12»ffi7C««»^fiffffl* 
T. ±Ea - S1K3, 3 3,6 3 ifg^LTv-yiM K 

iki-zzk^x^rmmmcmi'z* -3*!>, -t© 

*&KSIt5*g**J6iJS a - S i!!3 , 3 3 , 6 3 ©|S H H H 20 
W:-«©feS©J;5lc^fflL, a - SiR3,3 3, 
6 3©»*ft€rffi't-i:V^*7 f /u-e*)5. ±BNif±, 
2 o© S i <h Ni S h 4 5 y KSr^-fS. Ni S i 

^ i© ^ y K»it t m \m® ufc t <o-e*>5„ 

Lzp*>, NiSh ^©l&i^i^S. 4 0 

y ^ y © ^ ir* > Kflfifi-eoft^S 5.43 

0Ai'#ti'fiV^I^*LT^5 3 LfctfoT, NiSi 
! tt, a-Sil3,3 3,6 3 ^^ B s B ft$*5fcft©IIS 
i:U-CH**rot)©T?*S)l5, ±e#*ft»3Bllt*3»t5 30 

[0 19 9] ±E#HJfe©^SSlCSV^T, ±lfi^l©a 

- SiBS3, 3 3, 6 3|C*Wte*fc&tei|-*-$tt«%* 
* #At 5 SSli*5 It 5 tt«7£«©«A»{Sji?lt) l±, £ 

1 Vi - '' cm " in cm' 

©lafflrt fcf 5 ^ £ U\ 1 ©t6H^T*fotltt\ 

^Sfi^-h ftt£% i m ,i , f. ^^I^rtr^m 3 ©t? 

hh a -"14- $< ^= 5 1 o" of' a 

y ^/ist^-ct^y* y 

w::^ K«ir L-i: •:■ 

[0200] eft, ±E#li*©JBffil':J3^T3jS£ix 

* 1 & - -„ * 1 - - , F n - p f , B 1 h d- 

- ' r-~ 1 ^] 1 1 i ^ u-cfcS-itftf 

«-c*>*. c© i o frm^m&mmm^t-ox 
mm nc*«w#fcw»*ji< * v >?ztinm 

-jjuwmmmn-mii^mx mmmmxMthm< so 
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TE!-tT< tm< J: •) tm&miXhh - 1 ^at 

[0 2 0 1] lit, ±fa#*«i©ff» f&ffi = 

r tasa* u\ '©^ffi^-y-y^ y y^tiTofccit 

- t - ' ,: R rl f * 1 K© 

1 . -1 - I " - _ -!S .i - 

D > ififi'nhfitz. Z k fr* 9 , ±IB#^JS©^1 

[0 2 0 2] *fc, ±«flH4P*w* Kifi£|:: tiArjc 
*«:*tfwt«sa*U^ ,hi©H2©a - SiKtAr 

« ti © s-tt®** ffi t ft iA t jl, mmmmm 

[0 2 0 3] ftlisr, ±E#^©^ffi(c^v^Tl-±, -f- 
j»fr^»©fS'ttplWt»gt5Mi;%*l:^tti*5K 
^fi«L, «ttS8^KfH*tt, ffiSMt©^^f*S»^ 

t# t>ii5 (^^ ffiSS t it 5tt 

tmmvmmk 1 io' s a ! -i io"™"' ©« 
Hrt'efcti-filv \ ±fc^ -v ^^nat^ ©ttlt7c*^iS 

Sr 1 1 o" cm" ! KTK-J'Swiirio-C, «^tc*^ ? 

^ * ft t & li * MB f i± ^ < a b n * 

<45 0 -ttT, htfi^^ii ' - 1=1 MftZZklO: 
o T . r © j; 9 *ffi?ia 5 ^ t /j 5 T* # 5 © T* 

5„ tfc, ±ie»S-3t**;1V^T^tSrfxMS ! 5, ft 
«1 1 o' 5 ci 3 ©?lS©^«S«tt^-t^/i-'fIiirt 

o , ^n^Ttie«+s - k mmn^ btistato 

m^Jj&^h-oXLXh^mxhi, Ltiiot, ft 
jK7C*t J; ufe^kirff^fcfemt L-c, 'Pf£< k t) 1 
1 o" cm 3 «J:©«Jt©ttffi"}E*^f-t*^ffi«^t 
«#i"5©X'S>5 0 

[0204] fiLt, r ©«sj^±tam 1 ~ff 3 ^te©ff? 
BtioT Aft e«j I - l fc - © a -bi! © mm 

fJtPfi£*ti?>fc©Ti±^< , c©?|tfl©SffM,ggi' 

s<s< #a©sff^srffir'fcSo 

[0 2 0 5] ±E«tt7C*^y^/V#r^-7 ^ y 

yWyftoa - SiR3, 3 3,6 3^»$-B:5^« 
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j&wjp-fcff 9 1 *mm&mmtp*m\^-m^ 

[0 2 0 6] St, ±32*ttS*fcLT©=y^i'$r* 
A-t5.^at LTtt, a - SiR3, 3 3,6 3*ffi}::~ 

y /ciiffg^atJ-f s mam® L-ttiK 

a - Sill 3, 3 3, 6 3 fcritRfS Sf t FWlSffi^^ 
y^^lAU a - SiK3, 3 3, 6 3TJlJ:<9^-7 10 

>r»$:m. z#xmm zru^zmx 1 <t v \ bp 

*>, g*j3i*fia - Sig3, 3 3,6 3 ro±ffifi?J/^tf 

jfli L-CSOG(^tV^>-^7^)«f4^ffli-\ T»W 
®m^^«ll2, 3 2, 6 2 £<9$m&^ : b5-&i>hZ 0 

[0207] *fc, ±5BLfcj;5^ ^mm&i-^ 

fc^Jlb-cfc&v^ ftti^Lti^ti, 

■Py* J) y/->^^<tfe5^2©a - Si&6 7 ICTA- 30 
«iota - SiM6 7M^Abtsi\ rro^A 

fc, CVDW^T, WW t ItT;^" y^riiin 

[0 2 0 8] 7^ y yf/y?i^5a - Si 
K3, 3 3,6 S^B-tii-zm^-yT-yy* b-y;<tL 

rfc, ±ta#*iS®ff?ii-e^fcSft^«SS6, 36, 
tfcs rroKft^WSIie, 3 6, 6 ecofMTj 

ic, «A.ficvD-e©»R^fi8^»Sf7 p 7Xv«yi, ft 

[0 2 0 9] ±fc, JrJB&lift^i^^TIi, 50 
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^r;Kc:J:^TlS B a H ft$tlfc*Sf H tt^-r*fll3a, 3 3a, 6 

[0210] gct.K, ±E#lttta#l®$JB £ tT 

t±, is B i**ji«T^ x -< b v 9 x®mmfti~* 

F, E L t-^ hD'/l'Uj't^) 

- _ l L i 7 I ~ H ~ r A-T 

Trt - ^L >«iC±oTJFM$ti5W*8Ki: LX 
fl£4rKf ^tt t tt/M jK- 7 h 7 > ^ h 

7 ^ ^ 9 ^ * t u x m& < *«f*^ a ^ ^® 

[0211] 

K^]fML-C«^7C»^«AL, ft" 1 ©*^S4r*t 

x^iMVn^x^m^ mt l, \:.Em& 

H2co^ B B B «7-^MI^fctt5^>^y y^'*> K^co 
[0 2 12] ±!ElB2W**jry-('*]»^te 

[0 2 13] iftfB^gStfc^T, T^T^7" 

T F T C 5* $ ft 4 Kttftft • fc > * S3 3* I " 

l, H-s«±tT- ■-- - " ' ',.r_i. .n [j_ 
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[0214] 4 fc 4 l |»j©¥*#§i«©Ki£;f7i£ 

m^h^±mm ! zm^x, WL±mwy$ y 

[0 2 15] 1 HJ6W©^ft:^S©Sjg^ 10 

jsex**s t 2 ©^ly-r 

xmmisi xn o<r>x\ tmmw-wmmomtir *t n t * 
ofcuiry^D ^^fp^*s<aflnwit feu , *tK 
< £ £ t fc y v $ y > ^a* £ # § r i as x- 1 ^ „ 

[0 2 16] 1 »?J©«#:SM»Mig*S 

Ht, ±El2C)Jpfi^aS r> 4 5 0°CWJiilo5 5 0°C 
£JtT<OJtW«HaaE*s ± a 5 #^_hB.o 4 a#ROT©#« 
ffKi?5©T\ B7i6»t>^5J;5K, -tESKil: 20 
EEME i o onifcW s/ ? y v r. t 5, Lfc 

[0 2 17] *fc, 1 *ffiffl»^f|:ga©Mit^?£ 
(4, i:.rd^2(7)S[]|*i^3icr)tt«i?llti±4 8 0T)Ri:ILo 
5 2 0 °C£(T"Cfc 9 , ijESHPSfiltt 1 0 ft^hK-o 2 
^WElTt?fc5©T, ffiift«>T<ffl»T^T^7V h y 7 
^Sfi^v-f-TK- KM&ffl 6 0 Oam 7 2 0 aim 

fttr r t ft < ±EJB 2 ©ipfM£tT 5 r fc $. 30 

[0 2 18] i nmM<D*mmmmmm 
p# aits -c#sa*s «t tfSiat s © x, if 7 * mm &m \ * 

*ft&«Mft«j|i t< aft $^-v£li< 

§5. 

[0219] ir:, i mm i >m»mm<ommm 

Ertp^:i7lfiii'ffi]!f5iiti.^ Pi>f £g«t©ra©7 40 

1 0iDiEl±Jio8 0 ma^Ti' ft 5 <£ 5 KEfi £ 
;ft.577-**!lp£ffl^T&r.ft5©-?\ ±|E£fi*ffi 

^<D±m^v^mmi'M tx mii^K v ©«^S£l 

I0 2 2 0]-it i HifiW<0¥*tt£it©Ki£2rifc 
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_ fF^,M ; i i?) ~ © % - Pm\~ t T , J:fF i 2 © 

[0221] It, i *lffe^©«ftSe«Ka*i£ 
f±> -hfem2»^i,ff7--l'*llM5RB^biismtJ£ 
*^»A^5©-C\ ±f2^2©#sf B |t^-f ^IRtltJItS 

i 5 y y ^ 'J > ^f^ffl ICJP^T, ±IEB^(S©1 1 <t 5 

[ 0 2 2 2 ] ifc. i *SM(.o¥«#SE©Kl*-& 
tt, ±e5«Ba»$>atf;Jlfc5E!?£, P,As^±tFSb 

u-c, +^>ft y y ^ y >- /a**#5 - 1 
[0223] i mmto^&mknw&m 

-C'*6o Lfc/poX, .tE|2 0|floIWIIii«l 

ft LiitlT-wJBliirfT ^ft i^sfcffittjt^r, 
ft i / 4 * -C3ftft8i£c**£ SrfiMtS r t ^Ct 

[0 2 2 4] ifc, 1 HJi^JW-^Sf^gcoSl^ 

&4 0 Ot^TT'OOT-^X^CVDiStioT^fiScI-^ 
*r4*m<r)$fe&Q:\t&bfo\ LtzifioX, !§7£±ft 

^ ftjiisystgi^-et, -^;-ft / ? y ymmm r 

[0 2 2 5] Jfc, 1 «0iJ®-f-^ffSEwKit^S 
tt, ±tcS2(?)# t i»7^«lSf-, ±fEPI^AD^-CBSr 

ft5 0 *co#^, «foy?^!l^ffl©^5'^ 
y y^lB^^K^fcft, J: 9 ftttte*©^ ^ ^ !i 

y?mm?*^ktfx"i*5 a 
i - ] 

11, JilEP *3 iT>'B ^-^A,fc3l 2 ©#Hff 7^ »Sf S:, 
'>ft < 1 1 S i H., IS -A i P PL ^'7 t B 2 Hi ^'7 ^rftft 
^Mft^iLT, d£K£S4 0 0rWTT'©y7 
Xv C V D jfe fc J; o T 5 © "C , il^^ft # S ©ft 

notr>($mzmz = . ±-z r T ^ 

VficilMJc^t^ Lfc*io-C» +^ft^y^y^ 
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[ 0 2 2 7 ] 1 fM©-^«*SB©itifi*£ 

tt, ±E8 2 0>#ftR^ SKiC Ar, Kr*3 ±lf Xe*>?> 
iIfi"nf:*#>«£^AT3©T\ *#ft$fr?|H£* 

m-4Y\^S.Z>>fy9 x )v ME ffl fe*#t!fi*K#^ 

^Hw^fiMWS-f 5 ©T\ ±lISIE 2 ©Jp 

i Btiifcv mm 2 ©#£,srw3tB&B:J: t»# 
?>jyfimmzzbftx°i*&c 10 

[0 2 2 8Ut 1 

I*. ±f"df 2<DWm^4Bmi-, ±|BAr.Kr*5J;Ut 
[0 2 2 9] ifc, 1 

(i, ±!ESS 2 © m*K >r 4 7° 7 X-r c v d ifefc ± 
£WAt5©T, i:iE$& 2 ©IMift^ 

[0 2 3 0]4fc, 1 Wiw^«f*ss©M^a 
tt, ±IMtt^ $ 2 WW 

Tlro.tlB^fitt^'f Mli ±i©_kfSf? 2 ro#B B H «^ 
*H t mmv'rJ ilSfflffcot t , ±|ET1 

[0231] tit, 1 nmmn^mmwnmt-)!^ 30 

glrtt^ f>« 2 ©^sSIC^ |tiS-©+^ y 

y # y ymmm z 1 5, 

E 0 2 3 2 ] Sfc, 1 Hife0ij(^&#£{t0«j£#& 

IftVi - - WT'I .- 1 ± - 1 .4 I 

& *; * 5 © -e > mm ± o -c^ntsifis^fea £ 

^SHgiMlS 

[ 0 2 3 3 ] tfi, 1 m6W©^llflESm©Kig*ife 

ft, Ni.Co, Fe, Pd, Pt.Ctt*5iO«Aud^atf*lfc- 
it 1 1- |t f|*c*S 5 COT', fSST+^^SftSft© 

[0 2 3 4]Sfc, 1 H»ij©^ftSB©Sifi*«fe 

Tl t> Bv ^Sftffiitl* SrS-t 5 N i tmx £ ft 5 © 

T\ J;i9iSl«Mft©a**#5^i^T^5« 50 
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10 2 3 5] ifc, 1 Mft^J©^##gfi©ftifi.*ffi 

t±, ±E!Bi©^NIR^«ffll^T^«7S« >«A 
^SW*3tX»Sj/EttT5 l o" cm" 2 &>±R^ 
5 i 0 cb 7tLfc©i i 'it a -u-'f '-"-I v 

[0 2 3 6] ifc, |2tf^f- --i gfi, ±E1 
i<D3£fl<o^igft.££>' * *h 1 iiioTfMSftfc© 
T\ ±ES§ 2 ©#!,« ^ SH^IIft L4l^lT'0 
Jto»fei£tJ^«&^ J; o TfM S tifc H'^ftg 

fi«T#, #7»jf^Bf©y- ?lE?t©atSrlS< LTft 

[0 2 3 7] ^3 ©»K«0^#fl£Sltt, ffitt® 

«> LT©ifgfit4^-<««t!±, fe^jb^ffilTSfc* 

^7£«©i»At J: o TteSricS^ff^H, ±fB»^7E» 
[0 2 3 8] Lfc^oT, ±|Sifgfttt^'C*fflE('*3lt5 

[ 0 2 3 9 ] *fc, 1 Sft^i©-f-^^Si±> ±8EStt 
©Eic^oTjfiTt-S «t 5 4 ««7C*©SS^*i'4o 
H lt4^^ . r. ©^ B a B tt^^ *KJ:t JB)S $ Hfc 

[0 2 4 0] 4fc % ±ia«ifflC 

t, v-y^ Kt UTffffl UT^^V^T, ±Ettfflt5c 
liif^ic^y ^ y y ?tifcxXmM&miiX& V , 
JrEteKx^v'y *M Ki LTtFfttiT5 ' t f'SHi" 

[0241] it, i mmm^mmma, mm. 

<), : - 

[ o 2 4 2 ] t fc, i mmor-tmimmt. mmt 

A,-Clr>5©T\ ±mStt««t LTW^fitt^-f ??S^ 
J^fifc $ li 5 BSt^ t S v ^sifcffiiie *r * 1 5 N i 
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1,31,61 




3,7,3 3,6 3,6 7-a - SiR, 


[0 2 4 3] *f:, 1 £Jt0!l<D¥*flc8*fi, JiEStt 
p < r q a 4- I f,r. l l o' cm _ 


3a. 3b, 3 3a, 3 3b, 6 3a, 6 3 b-gfitt^-'f Ml, 


3 c, 3 3 c, 6 Sc-mffnK^^'^^mm, 




4,3 4,6 4-=- vfrJK 




5,17,35,65,7 7-1 — fit. 




6,3 6,6 6-»ft^>f#8l, 


im 1 ] '©IP^-f^lfrilSi L-C©TFT(C*S(t 


8-D >££tf a - SIR, 




1 0, 3 9n, 3 9p, 7 0-««, 


[0 2] Qi.-r^sK^-^wiESSr^-t-Bfffiia-Cfc 10 


1 1,10.71 •••*/-• ihW, 


3 0 


1 2, 4 In, 4 lp, 7 2-¥- Mtfe 


[03] Hli:IJJ|ft5TFTK*irt5»jfilS©1ll 


1 6,4 5n, 4 5p, 7 6--^-^/MI«, 




1 8,4 8, 7 8-JIW1 S, 




19,7 9--v-7-mm-m§.. 




2 o-Birilf, 


[05] 0 1 £ I V'M 3 i li.fi t£ 5 T F T \ZtS ft 5» 


3 7-D yt***fc«r£tr a - SiSS, 




4 2-!)V, 




14, 15, 43 n, 44 n, 74, 7 5 -NS!*«4*««, 


So 


4 7-***, 


[07] %2<r>toim&\ziirtztamnm}:fy?y 20 


4 3p, 4 4p-P3PF**ft«e, 




4 9 


[08] |?2t0a - SiKSrT/i'J&yj&tt-CNtyf-;/ 


2 1,50,81 -Nft^HTFT, 




5 




6 8-'7^=>, 


[09] t ft&wm® t *«iae ltv ^5 f? 


8 0- KW^W-il, 




9 l-^^=.-^(^L>f), 




9 2 •••£«, 




9 3-5&fc*~ h 




9 5---*-iA#> ? ->'3 >\ 


inn] 53?^a-^©wfaf^t»H^^roa£ 30 


9 6 < r=-— yu/— 




9 




1 0 



[0 8] [0 9] 




(30) 



2003-68642 



[01 1] 




7n y h-^-^co^$ 



F?-A<#%) 5F052 
5F110 



AA02 Mil 


AA17 


BA02 BA07 


BB07 CA02 


DA02 


DB03 EA15 


EA16 FA06 


FA19 


JAQ1 


AA30 BBOZ 


BBOi 


BB10 CC02 


DD02 DDI 3 


FED 3 


EE34 EE44 


FF02 FF30 


FF32 


FF36 GG02 


GG13 GG25 


GG45 


HJ01 HJ04 


BJ12 HJ23 


HL01 


HL03 BL1J 


Ml 4 NH02 


NH23 


KN24 MN35 


PP01 PPQ3 


PP05 


PP06 PP10 


PP29 PP34 


QQH 


QQ23 QQ24 



